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HE annual and semi-annual meetings of the 
Refining Division of the American Petro- 
leum Institute serve the industry admirably as 
a twice-yearly clearing house of engineering, 
technical and scientific information, correlating, 
recording and disseminating up- 
to -date information bearing upon 
the most important phases of 
the rapidly developing technical 
achievements within the industry 
and within the research and engineering organ- 
izations serving it. The Refining Division is of 
course the logical point for the focusing of such 
a bi-annual correlation, and the logical place for 
interpretation of the influences on the industry 
of the ever changing technical advancement. 
With this aim the programs are rounded out to 
touch upon the more important developments of 
real interest each six months, together with a 
review or progress report upon a variety of other 
problems of perhaps less immediate interest but 
of just as important nature, taking the long view. 
For these reasons it is the policy of THE REFINER 
to incorporate in its issue published concurrent 
with the meeting as many as possible of the 
more important, timely and valuable papers, 
under one cover, and for very prompt delivery 
to its readers throughout the world. That this 
policy has been right is attested to by the interest 
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shown in such editions and by the growing vol- 
ume of letters commending the practice. There- 
fore, in this issue are a group of important tech- 
nical, engineering and scientific discussions from 
the Institute, virtually all of which will prove of 
real value to the refinery executive, management, 
engineering and operating personnel. 

A great deal of interest has been shown in the 
Houdry catalytic cracking process since its adop- 
tion by one of the major companies. Before the 
Refining Division of the Institute this year, three 
discussions bearing on Houdry operations were 
presented, dealing with catalytic cracking of gas 
oils, of residual oils, and the treatment of gaso- 
line and gas. With regard to other phases and 
types of cracking discussions deal with the de- 
termination of yield per pass, time of treatment, 
in situ densities, and instrumentality for their 
control; also continuous coking of residuum by 
the delayed coking process. Corrosion of refinery 
equipment again came in for discussion, and an- 
other popular topic is that of anti-knock and 
the mixture distribution problem in the multi- 
cylinder engine. 

In the lubricating oil field the program in- 
cluded a symposium on control of wax-distillate 
quality, and the subjects have to do with the 
analytical separation of wax and oils, experi- 
mental control of slack-wax sweating, control of 
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lubricating-oil distillates by vacuum distillation, 
and a survey of Oklahoma wax distillates. Along 
similar lines, the program included discussions 
of the revivification characteristics of Bauxite 
used in percolation filtration and a study of the 
recovery of oil from spent percolation filters. 
Other timely discussions on this program con- 
cerned hydrocarhons in the lubricating fraction 
of petroleum and a paper on hydraulic decoking 
of coke chambers, 


NLESS a lot of plans go awry, next year 

will see marked activity of construction of 
refining facilities both at home and abroad. With 
general business conditions tending toward an- 
other boom period, which business indexes and 
most forecasters seem to in- 
dicate, the industry appar- 
ently feels less hesitant about 
improving its processes and equipments. Millions 
of dollars have been rather definitely appro- 
priated for refinery modernization, improvement 
and extension, with virtually all of the major 
concerns expressing determination to adopt the 
newer and modern processing developments, and 
with many of the smaller concerns recognizing 
that perpetuation of profitable existence demands 
modern, more efficient installations. Despite the 
presently unsettled conditions as to crude-oil 
prices and market prices for finished products, it 
is apparent that better times generally must in- 
crease demand for all oils, and with the coming 
increase in consumption competitive conditions 
must continue to prevail, to the end that refiners 
must be prepared to offer quality and more qual- 
ity without, perhaps, substantial increase in 
prices. Only the best in modern refining plants 
can compete in such a condition. 

Checking the announcements of several refin- 
ing concerns as to their annual outlay for refinery 
maintenance, improvement and extension, there 
is now indicated a total expenditure for next year 
of around $150,000,000—and this figure by no 
means covers the entire industry. 

More will be heard of catalytic cracking with 
several concerns, more combination type crack- 
ing units, and some reforming plants are pro- 
jected. The adoption of catalytic polymerization 
and thermal polymerization is ever widening and 
will continue to do so. Hydrogenation, dehydro- 
genation, isomerization and corollary processes 
are going in. Further application of the propane 
processes and other solvent processes is assured, 
and much revamping and modernization is prom- 
ised in the chemical treating departments of the 
refineries. And the usual annual installation of 
distillation, redistillation and vacuum distillation 
capacity is certain to be installed. It appears that 
an active year in modernization is coming in 1939. 
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ELF-SUFFICIENCY strikes the keynote 

for the desires of most European countries. 
The production of substitute motor fuels derived 
from their own resources, such as coal, wood, oil 
shale, and agricultural products, is one of the 
goals. The economics involved 
is not the primary factor. 

“Coal is converted into liq- 
uid motor fuel by carboniza- 
tion, hydrogenation, and the 
water gas reaction. Alcohols from farm products 
and methanol from hydrogenation of carbon 
monoxide and wood distillation are also used. 

“Methane, ethane, propane, and butanes, or city 
gas, are used in compressed form in steel cylin- 
ders (3000 to 4000 pounds per square inch pres- 
sure) in gas-driven motor vehicles. These gases 
are derived from coal carbonization, coal hydro- 
genation, and from the hydrogenation of carbon 
monoxide and natural gas. There are about 26,000 
of this type of motor vehicles in use. Other types 
of gas-driven vehicles manufacture their own 
combustible gas, en route, from wood and char- 
coal. There are about 9000 such wood-burning 
motor vehicles in Europe, consuming about 450,- 
000,000 pounds of wood annually. These vehicles 
are heavily subsidized by governments through 
direct payments, elimination of taxes on the wood 
and vehicle, and taxes on imported gasoline. The 
total consumption of power alcohol in Europe in 
1937 amounts to 510,000 tons compared with 
646,000 tons during 1936. The 510,000 tons of 
ethanol (some methanol) represented 4.3 percent 
of the total 11,882,600 metric tons of motor fuel 
consumed during 1937 in Europe. It is estimated 
that the 510,000 tons of alcohol used in Europe 
cost the consumer and the state in additional 
expenditures on the order of about $100,000,000 
in subsidies, tax losses, and higher operating 
costs of vehicles. 

“The substitutes for petroleum gasoline in 
Europe in 1937, composed of synthetic gasoline 
and benzene from coal, alcohol and oil shale, 
amounted to 15,250,000 barrels, or about 18 per- 
cent of the total gasoline consumption. Germany 
with a total of 1,440,000 tons led in consumption 
of this type, with United Kingdom second and 
France third, using 392,000 tons and 247,900 tons 
respectively. In addition to the liquid substitutes 
given, two other types are produced from the 
gases of coal and wood. It is estimated that for 
1938 compressed and producer gas from coal and 
wood will substitute for 243,000 tons of petro- 
leum gasoline, or 1,823,000 barrels. For the year 
1938, about 25 percent of the total European 
requirements for motor fuel will come trom 
substitutes.” 


—From Gustav Egloff’s interesting discussion, “Motor Fuel 
Economy in Europe,” published in Industrial and Engineer- 
ing Chemistry, October, 1938. 
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HE demand for lubricating oils of premium quality 
far exceeds the supply available from paraffinic- 
base crudes and therefore solvent refining methods for 
separating constituents of high lubricating value from 
mixed-base crudes have been widely applied during the 
last few years. The location, operating ownership, and 
charging capacity of the lubricating oil solvent extrac- 
tion and dewaxing plants erected throughout the world 
are listed in Table 1. The rapid increase in the applica- 
tion of these processes is shown by the fact that the 
total throughput for solvent dewaxing plants has in- 
creased by more than 19,000 barrels and that for solvent 
extraction plants by more than 23,000 barrels in the 
past two years. For convenience in comparing the 
various processes, these plants have been arranged so 
that the total charging capacity and the percent of total 
installed throughput represented by each process is 
shown. 

The relative advantages of the various solvent re- 
fining processes have been thoroughly surveyed in the 
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Solvent Refining of 
Lubricating Oils 





literature and, therefore, no attempt will be made in 
this paper to compare their performance, economics, or 
other characteristics. For reference, a tabulation of the 
significant properties of commercial solvents is included 
in Table 2. It is the purpose of this paper to present 
some operating data and cost figures for Furfural ex- 
traction and Benzol-Ketone dewaxing. These processes 
represent the basic steps in lubricating oil refining. 
Furfural refining serves to remove unstable constituents, 
carbon-forming substances and complex color bodies. 
Benzol-Ketone dewaxing eliminates waxes which cause 
solidification of the oil in service. A combination of 
these processes with clay treatment constitutes a modern 
method of producing premium grade lubricants. 


FURFURAL REFINING 


The commercial success of the furfural process is 
attested by installations having a total capacity of 26,500 
barrels per day, this figure representing 32 percent of 
the world’s installation of all solvent extraction plants. 
Stocks handled by the process cover the complete range 
from very paraffinic, through mixed base, to extremely 
naphthenic crudes. 

Furfural, itself, is an aldehyde prepared from agri- 
cultural waste and therefore a constant supply is 
assured. Its price has suffered no increase in the last 
eight years. It is chemically and thermally stable under 
all operating conditions and undergoes no acid-forming 


535 














reaction in the presence of steam at stripping tempera- 
tures ; consequently, no discoloration of the oil or cor- 
rosion of equipment takes place. When charging ex- 
tremely naphthenic stocks it may be desirable to caustic 
neutralize the charge stock before running it by any 
solvent process, in order to prevent corrosion by these 
naphthenic acids which concentrate in the extract ma- 
terial. Years of experience of users and manufacturers 
of furfural prove it has no toxic effect on workers. It 
lends itself particularly well to the refining of high- 
pour-test stocks since extraction takes place at tempera- 
tures well above the separation temperature for the wax- 
oil-furfural mixture. Extraction temperatures range 
from 150-250° F. 

The installation cost of furfural extraction plants 
versus their capacity in barrels per day is shown in 
Figure 1. A basis of normal material specifications and 
average Mid-Continent labor cost has been taken. The 
cost of the erected plant will vary somewhat with the 
solvent ratio required by the charge stock in question, 
but the curve represents a fair average for reference 
purposes. 

Furfural extraction has lately been applied to the 
treatment of western stocks. Operating and performance 
data for Coalinga, Poso, Kettleman Hills and Ventura 
distillates are presented in Table 3. This range of stocks 
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Lubricating Oil Solvent Extraction Plants 
FURFURAL PROCESS—31.78 Percent 


Charging 
(Bblis./Day ) 
Company and Location Capacity 
Gulf Oil Corporation, Port Arthur, Texas................ 5,000 
Indian Refining Company, Lawrenceville, Illinois........ 1,500 
The Texas Company, Port Arthur, Texas................ 6,000 
ee ee. Ms sb ewe cece cetmecee essen 1,650 
nr, Cy. ¢. siate-« cigte.c-« slie cise ¢Ode0 9,0 0. cbs + ares © 1,700 
Photogen Rafinerie de Petrol, Roumania................ 100 
The Magnolia Petroleum Co., Beaumont, Texas.......... 3,000 
n,n. SOO, BOOMNIEL. 6 vs cc odecsccs ceseccocre 1608 
Trinidad Leaseholds, Pointe-a-Piero, Tr................. 2,910 
Shell Oil Company, Martinez, California................ 3,250 
. 26,510 
DUO SOL PROCESS—22.54 Percent 
Gulf Oil Corporation, Girard Point, Pa................... 2,500 
Magnolia Petroleum Company, Beaumont, Texas........ 2,800 
The Socony Vacuum Oil Company, Paulsboro, N. J....... 3,000 
The Herbert Green Company, Ltd., England............ 1,500 
Deutsche Vacuum Oel, A.G., Germany...........s.ee0ee. 1,000 
rn <r ChE. BORE. cs cccecvecctesevcccéon 750 
Raffineries de la Vacuum Oil Company S.A.F., France.. 750 
Shell Petroleum Corporation, Wood River, Ill........... 3,000 
Standard Oil Company of California, Richmond, Cal..... 3,500 
18,800 
PHENOL PROCESS—17.98 Percent 
Standard Franco-Americaine de Raffinage, France...... 3,500 
Imperial Oil Company. Ltd., Sarnia, Canada............ 2,000 
The Standard Oil Company of N. J. Bayonne, N. J....... 1,000 
The Standard Oil Company of N. J., Baton Rouge, La... 5,000 
The Standard Oil Company of California, California...... 3,500 
15,000 
SO. BENZOL PROCESS—15.29 Percent 
Tide Water Associated Oil Company, Avon, Cal.......... 1,500 
The Shell Oil Company of California, Richmond, Cal.... 1,500 
Tee Watton Oli Company, Oleowm, Cal... .. cc cccccccseccces 1,500 
Lobitas Oilfield, Ltd., Ellesmereport, England........... 500 
Rhenania Ossag, Hamburg, Germany............+-+..e006. 1,750 
Anglo Iranian Oil Company, Llandarcy, England........ 1,600 
The Texas Company, Port Arthur, Texas................-. 1,000 
Tide Water Associated Oil Company, Bayonne, N. J..... 2,000 
Se a “MIO BOUND 6 6 vcs 0.6) 00's 5.0:6:6:65.00 cess cease 700 
Manchester Oil Refinery, Manchester, England.......... 700 
12,750 
. 
Solvent Dewaxing Plants 
BENZOL KETONE PROCESS—62.7 Percent 
Indian Refining Company, Lawrenceville, Illinois........ 1,400 
Atlantic Refining Company, Philadelphia, Pa............. 600 
yulf Oi] Corporation, Port Arthur, Texas................ 1,500 
Herbert Green Company, East Halton, England.......... 1,000 
Deutsche Vacuum Oel A. G., Bremen, Germany.......... 525 
Raffineria di Napoli, S.A.I., Naples, Italy............... 525 
Socony Vacuum Oil Company, Paulsboro, N. J........... 3,800 


Shell Refineries, Ltd., Shell Haven, England............ 








covers waxy and non-waxy distillates, with viscosities 
from 40-105 S.S.U. at 210° F. The viscosity indices of 
the treated raffinates range from 25-90. Using repre- 
sentative values for the utilities shown in Table 3, the 
direct operating cost for furfural extraction may be 
calculated. This direct operating cost varies from 9 
cents per barrel to 12 cents per barrel, depending on the 
type of operation and the charge stock. These operating 
costs are representative of those to be expected from 
this process. «+ 

Due to the flexibility of the furfural treating process 
all of the stocks shown in the accompanying tabulation 
can be run in a single plant by simple changes in the 
solvent ratios and tower extractor operating conditions. 
The charge throughput will, of course, vary somewhat 
with the different stocks and operations. The recircula- 
tion of extract to the extraction tower provides a fur- 
ther element of flexibility. With a given plant it is pos- 
sible by extract recirculation to increase the yield of 
raffinate of a given quality at the expense of some 
decrease in throughput capacity. This enables the refiner 
to operate for maximum yield and quality on charge 
stocks containing fractions of superior lubricating 
quality. 

In contrast to the operation of furfural extraction on 
western stocks, the application of this process to Penn- 





TABLE 1 
LUBRICATING OIL SOLVENT REFINING PLANTS 


Charging | 

(Bblis. Day) 

Company and Location Capacity 

Gewerkschaft Elwerath, Misburg, Germany.............. 1,200 | 

The Texas Company, Port Arthur, Texas. ...... 06.000. 3,750 | 

S.A. Petrofina, Dumkerawme, FFAMCGHs ...c cc cccccsccsccens 500 | 
Quaker State Refining Company, Pennsylvania.......... 1,500 
Socony Vacuum Oil Company, Olean, N. Y............... 1,800 
Magnolia Petroleum Company, Beaumont, Texas........ 3,000 


Bradford Oil Refining Company, Bradford, Pa.... i 600 | 





Tide Water Associated Oil Company, Bayonne, N. J..... 1,050 
Standard Oil Company of California, Richmond, Cal..... 1,500 
Irish National Refineries, Dublin, Ireland.............. 1,000 
Photogen Rafinerie de Petrol, Brasov, Roumania........ 100 
Rhenania Ossag, Hamburg, Germany.........+.ceeeeeees 1,200 
Sinclair Refining Company, Wellsville, N. Y............. 3,500 

31,250 


THE PROPANE PROCESS—23.8 Percent 
Standard Oil Company of Indiana, Wood River, LIllinois.. 1,300 


aterm Gb Comes, CRORE, COUKs cin.ck ccs ceccescedwepcrecs 1,300 
Shell Petroleum Company, Wood River, Illinois......... 2,400 
Bradford Penn. Refining Company, Warren, Pa.......... 250 
Kendall Refining Company, Bradford, Pa.............++.6. 1,200 
Humble Oil Refining Company, Baytown, Texas......... 3,400 
Standard Oil Company of Louisiana, Baton Rouge, La... 2,000 
11,850 
SO. BENZOL PROCESS—5.7 Percent 
“Bait Ge, eee, TORI vc ak wich a: cewinsics tc cccsecs 450 
Anglo Iranian Oil Company, Llandarcy, England........ 1,600 
Lobitas Oilfield, Ltd., Ellesmereport, England........... 350 
Manchester Oil Refinery, Manchester, England.......... 450 
2,850 


THE BARISOL PROCESS—4.4 Percent | 
The Standard Oil Company of Louisiana, Baton Rouge, La. 1,800 





The Continental Oil Company, Ponca City, Okla......... 400 
2,200 

OTHER PROCESSES—3.4 Percent 
Imperial Oil Company, Sarnia, Canada............ee.00. 1,000 
Standard Franco Americaine, Port Jerome, France...... 700 
1,700 
All Proecesmes——100 Percemat 6.0 i.oicc 6c ike elves vcieccccsids 49,850 


Lubricating Oil Solvent Extraction Plants 
CHLOREX PROCESS—8.6 Percent 
Standard Oil Company of Indiana, Wood River, Illinois.. 1,000 


Preedem Of] Works, Freedom, Pa... 2.66. wcccccccccccese 1,200 
Penneoll Company, POmmeriva#nia. ..... 20. cc cc ccccsiciccess 1,000 
Mid-Continent Petroleum Company, Tulsa, Okla......... 200 
Standard Oil Company of Indiana, Wood River, Illinois.. 1,000 
Socony Vacuum Oil Company, Olean, N. Y..........+.++. 1,700 
Standard Oil Company of Indiana, Casper, Wyo......... 600 
Bradford Penn. Refining Company, Clarendon, Pa........ 500 
7,200 
NITROBENZENE PROCESS—3.78 Percent 
Atlantic Refining Company, Philadelphia, Pa............ 2,350 
The Sinclair Refining Company, Wellsville, N. Y......... 800 
3,150 
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sylvania cylinder stocks is of interest. The development 
of solvent refining processes has made it possible for the 
Mid-Continent refiners to prepare a line of premium 
lubricating oils equalling, and in certain specifications 
surpassing, conventionally processed lubes of Pennsyl- 
vania origin. In order to recapture and maintain his 
position, the Pennsylvania refiner must ultimately adopt 
the new processing methods for the dual purpose of 


View of Furfural Refining plant and benzol-ketone dewaxing unit. 





increasing the quality of his product and reducing his 
operating cost. Considerable work has been done on the 
furfural extraction of Bradford and other Pennsylvania 
stocks. This will be but briefly discussed. When charg- 
ing a 180-viscosity Bradford neutral, each one point 
increase in viscosity index is obtained with a treating 
loss of roughly 1 percent. Conradson carbon is de- 
creased to a nil value, in contrast to the average of 0.04 


TABLE 2 


Properties of Commercial Solvents 














| 
| Compn. of 
Constant- 
Solubilities at 100° F. B.P. of Boiling Solubilities 
| (Weight Percent) Constant- Mixture of 123° F. 
Boiling Boiling Overhead M.P. Wax 
Point, Solvent Water in Mixture, Weight Per- at 0° F. 
SOLVENT | Sp. Gr “2 M.W. in Water Solvent "Te. cent Solvent 2m/100 cc 

is ocala och ae cdaten 0.792 133 58.1 ry ee re None None 
pL ae eee | 1.022 364 93.1 3.8 5.6 209 23.1 
ee eee eer 0.878 176 78.1 0.16 0.11 None None 
Carbon tetrachloride......... 1.584 170 153.8 0.09 0.01 None None 
3 EN SS 1.222 353 143.0 1.2 ‘2 204-7 ry 
OM cB kd uss ob os St 1.051 375 108.1 3.0 14.5 210 6 
WII AN Vio aia son Kara bar 1.039 396 108.1 2.5 14.5 210 6 
Decl sacs ap ginis via ace pate 1.039 396 108.1 2.2 16.5 210 6 
Ethylene dichloride. ......... 1.257 182 99.0 0.9 ea 158 91.8 
yo ee ger res 1.162 323 96.0 9.0 6.5 208 35 
Methyl ethyl ketone......... 0.805 175 72.1 19.0 10.2 164 88.6 
NitSGRPGORE «os od Kaarcdis sss 1.207 412 123.5 0.3 0.35 211 15.3 ere 
RE eres. Prrer | 1.072 358 94.1 9.4 32.5 210 9 hie 
| = aii ae ees 0.511 — 48 44.1 3.4 eee None None 0.06 
SU OIG no a5e Shs e's 1.45 14 64.1 ‘sabe None None Bes 
DR od ib as oa he o'el wg orca 0.866 231 92.1 0.05 ee None None 0.08 
Trichloroethylene............ | 1.480 188 131.4 0.16 0.05 - 167 ee ape 
NU Sa cibee sie cance ane | ci Sys 90 eles ib ays otk 0.21 
65% Benzol 35% Acetone..... | 0.009 
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TABLE 3 


Furfural Treating Western Stocks Operating and Performance Data 





























| Coalinga | Coalinga Poso | Poso Poso Kettleman Ventura 
Distillate | Distillate | Distillate Distillate Distillate Distillate Distillate 
CHARGE STOCK 85/210 40/210 85/210 | 85/210 105/210 105/210 55/210 
Charge Inspections: | 
Gravity, EE Sa hat ee ee ed Vella dw 16.2 19.5 16.2 16.2 15.5 19.5 21.9 
a a slag ew gin 430 355 | 435 435 455 525 415 
en sae i Ser Oe ep awbeas aes 470 Sire a } 490 } ne fe ee 605 485 
TE SU Ba, SRMRDs. bw aoe bcccacccccscave 2,235 206 | 2,315 | 2,315 3,844 2,400 420 
I BP MEAT o.oo a es wk ek cece ckaces ves 85 41 84.3 | 84.3 104 105 54.4 
ee | i sige Sahel win ele 1% Te Se eee fe jialergeesin. Jo 9S pale geal oI ee aeelet) Ay bein nee 
we Test. ° F.. ee Cee ere eer +15 Below —25 +15 | ~ RR ae ye +85 95 
1. (D and D). ESSE > SE EO —36 —110 —5 —5l | —61 40 waxy 63 waxy 
Pit. Wax, percent by weight...................... 03 | MR rites | pikes D cedars NETO ROCERE | sepa, 
} } | | | 
NN ee ich lacwesepaviec 2,210 2,230 | 2,150 3,295 READ. Sees mete tog ae ote ee 
Raffinate Yield, Volume percent..................... | 51.0 | 49.5 41.0 70.0 68.0 50.0 42.0 
Raffinate ipeections: | | 
i ARE ley Sem 25.2 | 28.0 26.0 21.8 | Fe Paes 32.3 
eae pine SRG Giaetle t's « Saeaheeeey Kaes Ck «al 445 360 435 Bi tA Soa ie ae Sr ee 435 
S.U.V ./100° F. wines Wee aataiie 4% » 3 a, | 698 | 137 | 690 | 1,050 ee heen ie 179 
NED in kin can's Wa si bv edbAge Es dees ae 65.2 | 41 64.4 | 70.0 Ee eget ee 48 
Re oxi 4 arid cn eee Teer ee? * 61 Peo 66 25 25 ERE 133 waxy 
I tS) Stn te nt Re ee en ee cau D ecweal Te eer eer Ree aes 90 90 
Calos (Tag Robinson).................. Share 3% | ae OC 6 Fer ee ee me eR 
} | 
Extract << g % ee | 
Gravity, © APL... 0.2... ceceee esse ce eeenecees 7.6 | 12.6 | 9.6 4.4 Se Gees ere gre am 
ED Sarai cing 6 bbb ames vier 440 | 345 | 435 Man ee 15 | Lchva dee ieee aces 
Mr eee OSL gene Sie x | 380 | 275/130 ed eo 3) a ree P >  weenses 
I te ich ox: < Si vb yes se cele mccet env cenes 160 46 Pc cacenan | RG. Peach. Fenorrce ee 
} | 
Furfural Treat, Volume percent............... 300 300 350 110 130 350 300 
Utility Consumption: } 
Live Steam, Lb./Hr 1,500 | Se th oe ieee 1,790 0 SS eee ees, Gee ee 
Electricity, K.W. : aia ie dora Meera <<. sind 97 | GDL: Sie eager 85 RR. Btn ORS, £0 oh to eee 
Gas Fuel, C.F. H.. Sait an wes wie Bee 18,120 | 13,000 aN 12,800 Sf... adeeb | ae 
Cooling Water, G. | eS aati er aera rae 1,180 BS AD, -c sce eieraah 1,029 RSE RR Sete Re 
Furnace Efficiency, percent......... ; | 72 ee ap ee ei 75 SR ee ke ame ee | Sk ata 
| 
for a conventionally refined neutral. The color is The carbon residue of the cylinder stock can be de- 


dropped from 4% to 2% on the raw raffinate, and only 
a very light clay polish is required to increase the color 
stability and cast. 

As in the case of a neutral, a loss of approximately 1 
percent is taken for each point increase in viscosity 
index when processing Pennsylvania cylinder stocks. 


TABLE 4 


Benzol-Ketone Dewaxing Pennsylvania Stocks 




















CHARGE | Cyl. Stock Wax. Dist. 
Charge Inspections: 
Gravity, J 3 aera ee renee: 25.9 33.3 
Flash, ° F.. SONOS PORE ee Sag Oe 570 390 
Viscosity at 210° F., S.S.U.. st oad ie 149 + 40 
Viscosity at 130° F., S S.U vet laneeien : 855 64 
Sais ike 419 6 4.00000 OF ee weeds cicuaa 50 80 
MS Ws. «6 wg. ped swear eih wel 103 138 
 Pff. Wax, ‘percent weight . caade 13.0 15.5 
Thruput, B/D... wetness 2 1,220 | 1,850 
NS a ee Leek penne 90.0 =| 83.0 
Pressed Oil Inspections: 
Gravity, LED RR TP et 25.3 | 31.2 
ea eG ew et 565 390 
ES 8) re 157 40.5 
Viscosity at 190° F:, S.S.U............. 2,597 116 
EE Da dadtéwes Vs 6 sc0ct even ss eged | 10 zero 
Wax Inspections: 
ESS ge ge 33.3 | 41.5 
M eh! EY 8 eee } 105 37 
EE ra. Sb cca dececsccadpecece 133 114.5 
Utilities, per 42 Barrel Charge: 
vcd l cd cccce vecteass Bec 222 | 170 
eS, ot ck blanc ce ne ae 123 94 
TEER ae oka wb k-vie cede 0 sob) oo 10.1 
ad ME. Uo ck cckb'es ccceess 1,455 1,110 
Direct Operating Cost, Cents /Barrel: 
190 Ib. steam (20 cents/1,000 Ib.)............ 4.44 3.40 
150 Ib. steam (20 cents/1,000 Ib.)............ 2.46 1.88 
Electricity (0.5 cents/K.W.H.).............. 5.05 3.85 
Cooling water (50 cents/1,000 B.)............ 1.70 1.30 
13.65 10.43 
nn Ee) ne eee ee 3.40 3.90 
A RRS RG Ake: a Oo eg 7.70 5.10 
EET Se eae ree 2.40 1.60 
La ee tea aay es bheeensnecs’ 27.15 21.03 








creased from 2.2 percent to 1.2 percent on the raw 
raffinate, and after dewaxing and contacting, the carbon 
residue is further reduced to 0.4-0.6 percent. 


COUBROUGH DISTILLATION 

The Coubrough process is an improved distillation 
method for separating resins or asphaltic materials 
from lubricating oil base stocks. Such materials may 
be separated either by distillation or by solvent pre- 
cipitation. Economic studies have shown that Cou- 
brough vacuum distillation equipment can deasphalt- 
ize or deresinate a given oil more economically than 
is possible by the use of solvents. The unusual fea- 
ture of this process is the use of a close cut 
petroleum product, such as kerosene or gas oil as a 
“carrier” to permit vaporization at a minimum tem- 
perature and prevent “skin” cracking of the oil in 
the heater tubes. The effectiveness of the process has 
been demonstrated by its ability to produce very low 
penetration asphalts and high viscosity distillates. 

An interesting application is the deresinating of 
Pennsylvania steam refined cylinder stock to pro- 


TABLE 5 
Coubrough Vacuum Deresinating 
Pennsylvania S. R. Cylinder Stock 











Cylinder 
Stock Side Bottoms 
Charge Product Product 
Inspections: 
OO Tg SS ee ery ara 25.7 26.5 20.1 
yr steed at 210° F., S.S.U.. 156.4 103.4 1250 
Ee ian a bs ou Wee CA Se 0.813 0.815 0.829 
Flash, E: A SES PS ee 555 550 685 
Eas ate Shc oes dnbaie kb yer 40 50 eae 
RS dk sf a 'h diamit tela ghee irae 6-95/5 7% Dil. anes 
REL ES reer 2.5 1.96 9.95 
Furol Viscosity at 210° F......... ee 128 
Yields: 
Volume percent on Charge....... 100.0 91.6 8.4 
Volume percent on Crude........ 19.0 17.4 1.6 
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FIGURE 1—Installation cost—Furfural extraction plants. 


duce a cylinder stock distillate and a high viscosity 
bottoms product. The data given in Table 5 shows 
that Pennsylvania crude may be Coubrough distilled 
to 1.6% bottoms having 1250 viscosity S.S.U. at 210° 
F. The carbon residue of 9.95 for the bottoms pro- 
duct shows a considerable concentration of this ma- 
terial in the bottoms. It is believed that this process- 
ing method will be of interest to the Pennsylvania 
refiner since it enables him to produce cylinder stock 
distillates of improved carbon residue and requiring 
far less clay treatment to obtain finished product 
specifications. If a bright stock is charged, the bot- 


toms may be run to 800 Vis. at 210° F. gear lube 
specifications. Coubrough distillation does not alter 
the characteristic cast of the cylinder stocks. The ap- 
proximate operating cost is 8c per barrel, or substan- 
tially less than for other deresinating methods, 


BENZOL-KETONE DEWAXING PLANTS 


Installations of the Benzol-Ketone process have a 
total capacity of 31,250 barrels per day, or about 63 
percent of the world’s solvent dewaxing capacity. In 
the Pennsylvania region they aggregate a capacity of 
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FIGURE 2—lInstallation cost—Benzol-Ketone dewaxing plants. 
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8000 barrels per day and represent about 85 percent 
of the total installed dewaxing capacity. 

This process employs a mixture of three commercial 
grade solvents: (a) acetone or methyl ethyl ketone, (b) 
benzol and (c) toluol. Each solvent contributes. in its 
own way toward making a well balanced, flexible de- 
waxing medium of such a composition that it can be 
effectively employed in the dewaxing of the full range 
of stocks normally encountered. Acetone or methyl 
ethyl ketone is the wax anti-solvent ; benzol is employed 
to increase the solubility of the wax-free oil in the de- 
waxing agent. Toluol is used to lower the freezing 
point of benzol in the mixture to a temperature below 
that at which filtration is carried out. 

The solvent mixture employed boils over the range 
of 175° F. to 231° F. under atmospheric pressure. 
Solvent recovery can thus be economically effected with 
live steam as a heating medium without the use of 
vacuum equipment. Because of the thermal and chemical 
stability of the solvents, no deterioration of the solvent 
or corrosion of the equipment takes place. 


Since the pour test is normally dependent on the — 


residual wax, the low solubility of wax in the ketone- 
benzol solvent shown in Table 2 results in a very small 
spread between filtration temperature and pour test. In 
practice, it is found that benzol-ketone dewaxing of 
Bradford cylinder stock at —15°F. produces zero-cold- 
test oil. The cloud test is identical with the cold test. 

The results obtained are practically independent of 
chilling rate. It is, therefore, possible to take full ad- 
vantage of the new type of scraped-surface heat 
exchangers and chillers having high coefficients of heat 
transfer. Batch chillers are unnecessary and therefore a 
large hold-up of solvent and oil in the system is 
eliminated. 

Filtration of all stocks takes place without the use of 
filter aids or crystal modifiers. This condition results 
in three advantages. 

(a) There is no operating cost for expensive modify- 

ing agents which are lost in the wax stream. 

(b) Wax distillates can be filtered without the addi- 
tion of petroleum as a cake modifier. Conse- 
quently, the slack wax in a neutral cake can be 
sweated directly without resorting to a pre- 
liminary distillation for the segregation of pe- 
trolatum. 

In the case of cylinder stock, certain operating 
advantages result from the recycling of part of 
the wax or the deliberate addition of petrolatum. 
It is possible, in this way, to work off any ac- 
cumulation of petrolatum resulting from previous 
refinery operations, or deoiling of petrolatum 
may be carried out as a completely separate 
operation. Thus one refiner has been able to 
work off considerable quantities of accumulated 
Sharples petrolatum carried at cracking stock 
value and to obtain therefrom a yield of 40 per- 
cent of 0° F. pour bright stock. A similar opera- 
tion is practiced in the benzol-ketone dewaxing 
of 80 pour Pennsylvania foots oil accumulated 
from previous cold pressing operation, this op- 


(c) 


eration resulting in the reclamation of 55-57 per- 
cent of 90 vis/100 20 pour light oil. 

When dewaxing distillates containing sweatable wax 
it is not necessary to handle a stock of normal pressing 
viscosity. Operation of the crude distillation unit may 
be adjusted to exclude gas oil from the sweatable wax- 
bearing crude fraction. The total quantity of distillate 
dewaxed is thereby reduced and the rerunning of a 
pressed cut completely eliminated. 

The best evidence of the success of benzol-ketone de- 
waxing of wax distillate is seen in the discontinuation of 
cold pressing by those Pennsylvania operators having 
benzol-ketone plants. The results obtained by these 
operators are typified in the following directly com- 
parable data on the single cycle sweating of: 


1. Conventionally prepared slack wax obtained by cold pressing. 

2. Slack wax obtained by benzol-ketone dewaxing regular wax 
distillate. 

3. Slack wax obtained by benzol-ketone dewaxing regular 
wax distillate which had been previously reduced to 
40 neutral. 




















1 2 

Benzol- Benzol- 

Conven- Ketone Ketone 

tionally Dewax’g Dewax’g 
Processed of Reg. of 140 

Wax Dist. | Wax Dist. Neutral 

Source of Slack Wax Percent Percent Percent 
Foots Oil (Start to 100° F. M.P.)...... 60.5 19.5 15.0 

Intermediate (From 100° F. to 110° F. 

8) BASE A ee eee 6.0 29.5 10.0 
Scale Wax (100° F. M.P. to Off)....... 33.5 | 51.0 | 75.0 








It will be noted that the amount of scale wax obtained 
from the reduced distillate amounted to more than twice 
that obtained from regular plant slack wax. Further, the 
average melting point of the scale wax was over 10 
degrees higher in the case of the slack wax obtained by 
the benzol-ketone process. 

Due to the decreased oil content of the solvent pre- 
pared slack wax a considerable reduction in resweating 
operation is found attending an increased yield of 
higher-melting-point products. Sweater yields of 50-60 
percent of finished wax are thus obtained. 

Typical plant operating data on benzol-ketone dewax- 
ing of Pennsylvania cylinder stock and wax distillate 
is shown in Table 4. The utility consumption for these 
two stocks is listed and direct operating cost calcula- 
tions shown. The direct operating costs of 21 cents per 
barrel charge oil when running wax distillate and 27 
cents per barrel for cylinder stocks show the operating 
economy of this process. The newer benzol-ketone de- 
waxing plants have lower operating costs due to the use 
of improved methods of solvent recovery. 

A curve showing the installation cost of benzol- 
ketone dewaxing plants versus the charge oil throughput 
is presented in Figure 2. A basis of average Mid- 
Continent labor costs and material specifications of the 
usual quality, has been taken. The plant cost will vary 
with the solvent ratio required for the various stocks, 
but for reference purposes, the values shown are repre- 
sentative. 











Bauxite 


Used in 
Percolation 
Filtration 


R. H. HUBBELL, JR. 


and 
R. P. FERGUSON 
Attapulgus Clay Company, Philadelphia 


ONTINUED interest in bauxite as a filtering 
medium, as indicated by its adoption by numer- 
ous refineries for the percolation of lubricating-oil 
stocks, has been due largely to the fact that it posses- 
ses the property, under certain conditions, of indefi- 
nite revivification without substantial degradation in 
adsorptive power. The precise extent of this degrada- 
tion, however, is of paramount importance to the 
refiner who desires to arrive at a sound economic 
comparison between bauxite and other commercial 
adsorbants; and it is, therefore, felt that a detailed 
analysis of revivification characteristics is justified. 
In a previous discussion’ the authors have pre- 
sented an analysis of the fundamental characteristics 
of bauxite, including a discussion of the influence of 
variables not encountered in commercial operation 
with such adsorbents as fullers earth. The conclu- 
sions reached in this study briefly may be summa- 
rized by stating that, in the percolation of residual 
stocks, optimum results are obtained by operation 
at the maximum practicable temperatures of burning 
and filtration, whereas best results in the decoloriza- 
tion of light-colored distillate stocks require opera- 
tion at the minimum practicable burning and filter- 
ing temperatures. New bauxite was also shown to 
exhibit a “solvent” effect upon finished-oil quality 
somewhat greater than that of other adsorbents, a 
characteristic which was shown to be substantially 
lost after continued re-burning, and to be of little 
practical significance—inasmuch as it was accom- 
panied by a rather pronounced drop in viscosity. No 
data were presented, however, to show the influence 
of re-burning upon the decolorizing efficiency. 
It is the objective of the present discussion, there- 
fore, to analyze the effect of continued revivification 
upon both the decolorizing value and the “solvent” 
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Revivification Characteristics of 





| 

| NVESTIGATION of the effect of continued revivi- 
fication on the adsorptive qualities of bauxite 
| reveals that the revivification characteristics of this 
| material vary with the type and source of stock 
handled and the method of filtration substantially 
| as follows: 

a. In the solution percolation of residual stocks 
bauxite retains throughout its life an efficiency of 
approximately 85 percent of its initial value. 

b. In the straight percolation of bright stocks, 
average values in the vicinity of 80 percent of new 
material are obtained. 

c. The bauxite filtration of distillate stocks re- 
quires the maintenance of low temperatures of 
revivification. Under optimum conditions values of 
55 to 60 percent of No. 1 bauxite are maintained 
| in the percolation of Pennsylvania neutrals. 

d. Bauxite manifests a great advantage over other 
adsorbents in the percolation of petrolatums and re- 
lated stocks, owing to the high yields and the taste- 
less and odorless character of the products. 

e. Fresh bauxite exerts a “solvent” action greater 
than that of fullers earth, a characteristic which 
diminishes with repeated re-burning. With fresh 
material, improved carbon and increased API grav- 
ity are obtainable, but only at some sacrifice in 
viscosity. 

This paper was presented at Nineteenth Annual 
Meeting, American Petroleum Institute, Chicago, 
| November 18, 1938. 








action of bauxite—basing the conclusions upon ac- 
tual plant revivification, inasmuch as laboratory re- 
burning is, in this respect, notoriously inconclusive. 
In view of the fact that the efficiency loss suffered 
by bauxite on continued re-use, as well as its av- 
erage efficiency in comparison with fullers earth, is 
profoundly influenced by the type and source of stock 
to be treated, it has been felt desirable to include 
data covering the filtration of a number of oils. In- 
cluded, therefore, are the solution percolation of 
Pennsylvania and Mid-Continent residual stocks; the 
straight filtering of dewaxed Pennsylvania and 
solvent-extracted Mid-Continent bright stocks; the 
percolation of Pennsylvania neutral and acid-treated 
Colombian distillates ; and the filtration of a Pennsyl- 
vania petrolatum stock. For each of these services it 
is proposed to illustrate: 1, the degree of degradation 
suffered by bauxite through a number of plant re- 
vivifications; 2, the average decolorizing efficiencies 
to be anticipated as compared with new bauxite and 
with No. 1 fullers earth of the improved, or extruded, 
type now available; and, 3, the influence of revivifi- 
cation upon the “solvent” action of bauxite as shown 
by finished-oil tests. 

Both laboratory and plant data are included, the 
results presented in tabular form representing the 
laboratory evaluation of plant-burned samples, which 
were re-dried prior to testing; while the curves are 
intended to represent the average results to be an- 
ticipated in plant operation on the various stocks. 
The conclusions are derived largely from operation 
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in a plant in which bauxite is utilized through nine 
re-burnings for distillate filtration, during which 
period it is maintained at low burning temperatures, 
and following which it is revivified at 1,250 to 1,300° 
F. for subsequent use in residual-stock filtration. 
Laboratory procedures used have been discussed 
previously.’ 

Throughout this discussion all bauxite values are 
expressed in terms of No. 1 bauxite and of freshly- 
burned fullers earth—no attempt being made to 
cover herein the average efficiency of fullers earth 
on re-burning, inasmuch as refinery practice varies 
in this respect, and optimum values previously have 
been presented.* * In the following sections, where 
data are presented on solution filtration, the filtrate 
oil color is expressed in terms of the “viscosity oil 
color” rather than color of the oil-naphtha filtrate. 


SOLUTION PERCOLATION OF RESIDUAL STOCKS 
1. Pennsylvania Cylinder Stock. 
The curves in Figure 1 demonstrate the effect of 
burning number from 1 to 28 upon the percolation ef- 
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Bauxite percolation. Mid-Continent cylinder-stock solution. 


FIGURE 1 
Bauxite Efficiency Vs. Burning Number. 


ficiency of bauxite used in the filtration of Pennsyl- 
vania cylinder stock in 60 percent naphtha dilution to 
finished viscosity oil colors of 5 and 7% ASTM—all 


burnings having been effected at temperatures of 1,200 
to 1,300° F. It will be observed that when finishing to 
7% ASTM color the yields manifest a gradual drop 
through the first few revivifications, following which 
the values level off at some 87 percent of that of new, 
or No. 1, bauxite. Inasmuch as new bauxite exhibits an 
efficiency slightly higher than that of No. 1 fullers 
earth on a volume basis, it will be seen that the average 
value of bauxite in terms of new fullers earth becomes 
90 percent. Inasmuch as this efficiency is maintained 
throughout the life of the bauxite (60 to 70 cycles if 
handling losses average in the vicinity of 1.5 percent 
per burning) the economic advantage for bauxite over 
fullers earth in this type of service readily is apparent. 

It should be pointed out, however, that the foregoing 
are based upon a finished viscosity oil color of 7% 
ASTM. The efficiency of bauxite at lighter colors drops 
off rather rapidly, and settles at a lower value, as 
shown by the efficiencies given at 5 ASTM viscosity oil 
color in Table 1—although, in this connection, it must 
be noted that the initial value, as compared with fullers 
earth, is quite high at 5 color (138 percent by volume) 
a fact which offsets the greater drop in efficiency. 

Inasmuch as in normal operation fresh bauxite will 
be added as make-up following the burning of a given 
charge, the filter yields obtained for a given stock will 
be quite uniform. This constitutes one of the chief ad- 
vantages of bauxite operation, viz., the possibility of 
the prediction of filter yields with, consequently, more 
satisfactory and uniform filter-house operation. 

As stated previously, the “solvent” action of bauxite 
is relatively pronounced in the early stages of its ad- 
sorbent life, but gradually diminishes until the point is 
reached at which this action, as shown by finished-oil 
inspections, is no greater than that of other commercial 
adsorbents. For example, reference to Table 1 shows 
that, in filtering Pennsylvania cylinder stock through 
freshly-burned bauxite, a 7% color oil is produced which 
shows a gravity of 27.6° API, a Conradson carbon 
content of 0.75 percent, and a viscosity of 132 seconds 
at 210° F. (undewaxed). On the other hand, filtra- 
tion of the same stock through No. 25 bauxite resulted 
in a gravity of 27.1, a carbon of 1.35, and a viscosity 
of 136—these latter values being in close accord with 
the tests of the oil treated with fullers earth. It is felt 
therefore, in the light of these and other similar data, 
that the markedly lower carbon and higher API gravity 
































TABLE 1 
Eauxite Percolation of Pennsylvania and Mid-Continent Cylinder-Stock Solutions 
Extruded Extruded 
Fullers Fullers 
Earth Earth 
(30- to (30-to 
ADSORBENT Bauxite (30- to 60-Mesh) | 60-Mesh) Bauxite (30- to 60-Mesh) 60-Mesh) 
Percolation Tests: | 
As oso Sig s'c'e's,d wicve 0 ee 0 Pennsylvania ‘‘A’’ Cylinder Stock Mid-Continent Cylinder Stock 
eB ae ee } 26.1 | 23.8 
Viscosity (Saybolt Universal) at 
y OME Gaol ve cesses e< ss 155 | 147.5 
Conradson carbon, percent....... 2.1 | 23 
Solution naphtha, percent........ 60 60 
Filtering temperature, ° F........ 180 180 
Burning temperature, ° F........... 1,200 1,200-1,300] 1,200-1,300] 1,200-1,300 900 1,200 1,200-1,300} 1,200-1,300} 1,200-1,300 900 
Adsorbent burning number... .. . . . I ea eee" 25 1 1 6 13 20 1 
Adsorbent density, Ib. per cu. ft.... .| 56.9 58.8 | 59.5 59.8 31.6 56.9 58.9 59.3 59.9 316 
| | 
Finished viscosity oil color, ASTM..| 5 | 7% 5 | 7% 5 | 7% 5|7%!| 5|7% 5|7%| 517% 5 | 7% 517% 5 | 7% 
Viscosity Oil Yields: | 
Barrels (42-gal.) per ton......... | 45] 68] 3.0 | 6.2 2.6 | 5.9 2.3 5.8 | 5.9 |12.0 | 6.3 | 8.7 3.9 | 80] 3.2 | 7.4 2.8 a 4 OY tiZ.1 
Barrels (42-gal.) per 1.000 cu. ft...| 128 | 194 | 88.2 | 183 | 77.4 | 176 | 68.9 | 174 93 | 190 | 177 | 248 | 115 | 235 95 | 219 84 | 216 | 137 | 270 
Percolation Efficiency, percent: | | 
RS ns ask cab ue 100 | 100 | 67 91 58 87 51 85 131 177 | 100 | 100 62 92 51 85 44 83 | 138 | 197 
NE o's 'y ix. gatas 6.08. 6-'3.0 | 100 | 100 69 94 60 91 54 90 | 72 98 | 100 | 100 65 95 54 88 48 87 77 | 119 
(No. 1 bauxite equals 100 percent) | 
Finished Oil (Undewaxed) : | | | 
S| SA San ae eo thee , fet. TES 27.1 sce AO Esc pa a ee) 2 RR Eo ee oe ae 
Viscosity (Saybolt Universal) at 
«SP Ore Bee . 2 134 136 | ... - 2 Dae 8 re 125 | ... eae 129 
Conradson carbon, percent....... Reb vce P2208}... ) 121 1.35 Jove 1.40 }-... BB b eve, PRO Bie PEMB D iie ee E aes 1.5 
! 
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Bauxite percolation. Mid-Continent cylinder-stock solution. 


FIGURE 2 


Bauxite Efficiency Vs. Burning Number. 


attendant upon bauxite filtration are obtainable only 
from fresh material, and then are accompanied by some 
sacrifice in viscosity. 

Perhaps the most significant practical aspect of the 
foregoing lies in the effect of bauxites upon finished-oil 
“cast” or “bloom,” a factor which is related definitely to 
the “solvent” action of the bauxitic adsorbents. Experi- 
ence in this connection has shown that, as bauxite passes 
through several revivifications, the finished-oil cast 
improves—until, ultimately, a point is reached at which 
the bloom is comparable to that imparted by new fullers 
earth. The precise burning number at which this con- 
dition is reached is a variable depending upon individ- 
ual stocks and conditions, but it may be accelerated by 
underwashing or by otherwise increasing the burning 
temperature at which revivification is carried out. 


2. Acid-treated Mid-Continent Residual Stock. 


While considering the subject of solution filtration, 
it is felt significant to discuss the percolation (60 per- 
cent naphtha) of an acid-treated steam-sweetened Mid- 
Continent residual stock, which is illustrated in Figure 
2. It will be noted that the relation between efficiency 
(No. 1 bauxite—=100 per cent) and burning number is 
essentially similar to that which prevailed in the case 
of the Pennsylvania stock, the average efficiency to 
which the curve settles being of the same order of 
magnitude. The value of the new material in terms of 
extruded fullers earth, however, is of the order of 92 
percent on a volume basis. This figure is some 10 per- 
cent lower than the corresponding value for the Pennsyl- 
vania stock, although the economic advantage over av- 
erage fullers earth operation is still clearly evident. 

The influence of burning number on the finished oils 
produced from the Mid-Continent stock is also shown in 
Table 1, and serves to confirm the conclusions drawn 
relative to the Pennsylvania oil, viz. ; that, as revivifi- 
cation progresses, the finished-oil cast and inspection 
data tend to appzoach those characteristic of fullers 
earth filtration. 

Before concluding the consideration of solution per- 
colation, it is felt advisable to point out an additional 
factor bearing upon the average results obtainable with 
bauxite, i. e., the gradual accumulation in the system of 
magnetic iron oxides and other materials such as fire 
clay, tramp iron, etc. There is present in all bauxites 
Iron oxide in varying amounts which, owing to its dis- 
persion throughout the bauxite grains, and to the fact 
that the greater part exists as Fe,O,, is difficult to re- 
move economically. However, after passage through 
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several refinery cycles, during which the material is 
burned in the presence of carbon, the iron content as- 
sumes the form of discreet particles of magnetic ma- 
terial which, coupled with contamination from the burn- 
ing and handling equipment, constitutes a considerable 
body of inert matter. 

Experience has shown that the difference in specific 
gravity between the bauxite and the iron-oxide particles 
is sufficient to provide a sharp separation by the use 
of conventional gravity-separating means—which also 
serve to remove impurities of lighter weight because of 
their larger size. The periodic purging of the filter- 
house charge by some such method, is therefore, felt to 
be warranted. 


STRAIGHT PERCOLATION OF BRIGHT STOCKS 
1. Pennsylvania Bright Stock. 


Figure 3 illustrates the filter finishing of a Pennsyl- 
vania bright stock which, prior to dewaxing, had 
been solution-filtered through fullers earth. The ef- 
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Bauxite percolation, Pennsylvania bright stock. 


FIGURE 3 
Bauxite Efficiency Vs. Burning Number. 
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Bauxite percolation. Mid-Continent bright stock (solvent-extracted). 


FIGURE 4 
Bauxite Efficiency Vs. Burning Number. 


ficiency in terms of new material again is plotted 
against the burning number, and it is to be noted 
that bauxite utilized in this service suffers a slightly 
greater degree of efficiency loss than that character- 
istic of solution filtration. For example, the yields at 
% ASTM color indicate an ultimate bauxite efficiency 
of approximately 78 percent of new material—which 
is equivalent to a volume-basis value of 70 to 75 per- 
cent of No. 1 extruded fullers earth. 
Previously-stated conclusions relative to finished- 
oil quality likewise apply to straight filtering as 
demonstrated by the data in Table 2. It should be 
pointed out, however, that, inasmuch as cast is usual- 
ly of paramount importance in this type of filtration, 
it is advisable to operate at the maximum practicable 
temperatures of burning and filtration, under which 
conditions the “solvent” action of the bauxitic ad- 
sorbents is lessened. Furthermore, attention is di- 
rected to the fact that oils filtered through bauxite 
at elevated temperatures (250 to 300° F.) do not 
manifest the “cracked” odor characteristic of fullers 
earth operation under similar conditions—thus en- 
abling the refiner to take advantage of the high 
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BURNING BOMBER 
Bauxite percolation. Pennsylvania neutral distillate. 


FIGURE 5 
Bauxite Efficiency Vs. Burning Number. 


yields and improved-cast characteristic of high-tem- 
perature filtration. 


2. Mid-Continent Bright Stock. 


The average results attendant upon the filtration 
through bauxite of a solvent-extracted Mid-Contin- 
ent bright stock are summarized in Figure 4. In this 
case the average bauxite efficiency is found to be 
similar to that prevailing in the case of the more 
paraffinic stock, owing to the solvent extraction and 
the fact that the Mid-Continent stock was somewhat 
darker in color. The yield at which the bauxite curve 
levels is shown to be approximately 82 percent of 
that of the No. 1 material, and the average efficiency 
compared to No. 1 improved fullers earth is in 
the vicinity of 75 to 80 percent if based on equal 
volumes—indicating that bauxite can be used to ad- 
vantage on stocks of this type. 

The tests of the finished oils produced are sum- 
marized in Table 2, the figures bearing out the 
aforementioned conclusion that percolated-oil quality 
approaches that obtained with fullers earth as the 
bauxite matures, and that “quality pick-up” is obtain- 
able from bauxite only at some sacrifice in viscosity. 


DISTILLATE-STOCK PERCOLATION 
1. Pennsylvania Neutral Distillate. 


Satisfactory filtration of light-distillate stocks is 
one of the chief problems associated with the use of 
bauxite as a commercial adsorbent—depending, as it 
does’ upon the maintenance of low burning tempera- 
tures. Inasmuch as there is a practical lower limit to 
the temperatures at which occluded oil and color 
bodies can be burned out of the material, it is virtual- 
ly impossible to escape some degradation in effi- 
ciency. Experience has shown, however, that, pro- 
vided revivification be effected at the lowest temper- 
ature requisite to the removal of carbon, this loss in 
initial decolorizing power may be kept at a minimum. 


In this connection, the curves given in Figure 5 
for the decolorization of Pennsylvania 180 neutral 
distillate are felt to be significant. These data are 
based upon operations in a refinery in which bauxite 
used for neutral percolation is maintained at the 
minimum practicable temperature (850 to 950° F.) 
threugh nine cycles, and thereafter burned at 1,250 
to 1,350° F. and utilized for residual-stock filtration. 
The solid line from No. 1 to 9 and the dotted line from 
No. 10 to 30 represent the efficiencies which may be 
anticipated as a result of maintaining low tempera- 
tures of revivification. Under these conditions it will 
be observed that the curve levels off at a yield which 
is 55 percent of the value gf No. 1 bauxite—equiva- 
lent, on a volume basis, approximately to 55 to 60 
percent of new extruded fullers earth. 


On the other hand, the solid curve from No. 10 to 
20 represents actual efficiencies obtained from the 
later-numbered bauxites which had been subjected 
to the higher burning temperatures. It will be noted 
that, under these circumstances, the bauxite effi- 
ciency drops off to a value which is only 45 percent 
of the new material. The corresponding curves at the 
lighter color show even lower values. 


This difficulty in maintaining maximum yields of 
distillate stocks points toward the desirability of seg- 
regating different batches of material for this service 
a procedure which can be readily effected, inas- 
much as the average refiner segregates many differ- 
ent types of fullers earth in various stages. The 
maintenance of optimum yields’ however, obviously 
































TABLE 2 
Bauxite Percolation of Pennsylvania and Mid-Continent Bright Stocks 
| Extruded Extruded 
| Fullers Fullers 
| Earth Earth 
| (30- to (30-to 
ADSORBENT Bauxite (30- to 60-Mesh) | 60-Mesh) Bauxite (30- to 60-Mesh) 60-Mesh) 
Percolation Tests: | 
| | Dewaxed Solvent-Extracted Mid-Continent 
PERT TOPPER EET ET Dewaxed Pennsylv. ania Bright Stock Bright Stock 
Gravity, ° A.P.I.. 25.6 25.5 
Viscosity (Say bolt U iniversal) at. 
EM ce ccmadaesecesces 153 164 
Conradson carbon, percent....... 1.54 0.79 
Filtering temperature, ° F....... 220 210 
EC ee ee ee -_ et, ———— 
Burning temperature, ° F...........| 1,200 1,200 1,200 | ee 350 900 1,200 1,200 1 — 1,250-1,350 900 
Adsorbent burning number.. | ae x. 8 1 1 5 20 1 
Adsorbent density, lb. per cu. oh. oe 56.9 58.0 59.0 50. 8 31.6 56.9 58.8 50. 2 59.9 31.6 
5 7 5 7 5 7 7 5 7 5 7 5 7 5 7 5 7 5 7 


Finished viscosity oil color, ASTM. . | 5 
Viscosity Oil Yields: | 
Barrels (42-gal.) per ton......... 5.2 76) 4.5 68} 4.3 62} 3.7 
Barrels (42-gal.) per 1,000 cu. ft...) 148 | 2,160) 131 | 1,975) 127 | 1,830) 111 
Percolation Efficiency, percent: 
NT 5 Eas wa 5 ww 4b 08. 100 100} 87 90} 83 82) 71 
I ol kicinis dar kk Op te wes 100 100} 8&8 91} 86 85| 75 
(No. 1 bauxite equals 100 percent) 
Finished Oil: 


Sk oo reve 36.3) ... _ 26.2 
Viscosity ge Universal) at 

EE Sy ere 142} ... 147 

Conradson tao Ea ea eke > ee 1.49 


























59} 9.5 153] 61.1 | 11.2 | 5.5 |10.2 | 48 | 9.9] 4.3 | 9.2 | 11.6 | 23.1 
1,765) 150 | 2,420] 174 | 319 | 162 | 300 | 142 | 293 | 129 | 275 | 183 | 365 


78} 183 201} 100 | 100 90 91 79 88 71 82 | 190 | 206 
82} 101 114} 100 | 100 93 94 82 92 74 86 | 105 | 114 











S63)... | Sa... 1MO) ... BESTS... (969)... °5 SM...) 258 
eee ee ee er 146 | ... | 146 
144] ... 1.45] ... id ei Ne eee 0.55] ... | 0.6 
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TABLE 3 


Bauxite Percolation of Pennsylvania and Colombian Distillate Stocks 


























Extruded Extruded 
Fullers Fuilers 
Earth Earth 
(30- to Bauxite (30- to 
ADSORBENT Bauxite (30- to 60-Mesh) 60-Mesh) (30- to 60-Mesh) 60-Mesh) 
Percolation Tests: ‘ y 
| AROS ER SRE aie nr gr RR ae ge ae Pennsylvania Neutral Distillate Colombian Distillate 
gE SSS I a | RRR Pa een ae, ae 29.9 23.5 
Viscosity (Saybolt Universal) at 100° F., seconds. ..... 185 109 
OS SR ay ee ie A sae oe ee ee ee See 2% 
Patertmg temaperature, © Bn. oo si. 6 os kn ccccs ces cwe wees 115 115 
850 850 1,250 850-— | 850— | 850— 
i I ios 5 ooo s ares cathe ne Sonele sh 850 900 900 1,350 900 850 | 900 | 900 | 900 900 
GE WIE DOE on 65.55 55 oc ese csc cceaweests 1 5 9 20 1 1 2 3 7 1 
Aeepuas Gamat, Ti. WOE CBs Th... 5c ooo cc adceidascnes 56.9 58.8 59.2 59.9 31.6 56.9 | 57.2 | 58.0 | 58.7 31.6 
Finished viscosity oil color, ASTM..................05. 2 2 2 2% 2 2% 2 2% | 2 2% 1%/);1%/,1%)1% 1% 
Viscosity Oil Yield: 
RO EE OOO on os clave ws bec ebe er neeseduc 25.3 |39.3 |15.5 | 27.5 | 11.6 | 22.4 | 7.3 |17.3 | 47.1 73.51 9.2 | 53) 431] 3.4 18.7 
Bassett (42-001) 966 1500 om. ft... occ ci cc ccccccas 720 | 1,115} 456 | 809 | 343 | 663 | 219 | 518 745 | 1,160 | 262 | 152 | 125 | 102 295 
Percolation Efficiency, percent: 
28. oc oe ae dis ks & do pd adn La dare ede 100 | 100 61 70 46 57 29 44 186 187 | 100 58 47 37 203 
pS PE OE Ce OORT OR ee errr 100 | 100 63 73 48 60 31 47 103 104 | 100 58 48 39 113 
(No. 1 bauxite equals 100 percent). 
Finished Oil: 
SE TRS 6 os Cha nse eho b eee wa vekuaat eereds oe [3061 .... (308 366)... }OOS | .... 30.5 
Viscosity (Saybolt Universal) at 100° F., seconds...... ee: See. Se fh nich SP abe ee 180 












































demands more precise control of the burning opera- 
tion than that required in residual-stock service— 
although economic studies based upon the efficien- 
cies shown in Figure 5 reveal that, at the maximum 
level indicated by the dotted curve, the employment 
of bauxite for the treatment of stocks of this type is 
justified provided segregation of low-burned material 
is accomplished. In many cases, for example, it is 
possible to utilize low-numbered bauxites for distil- 
lates, thereafter placing the material in residual stock 
service. 

From the standpoint of finished-oil quality, the 
chief point of significance rests in the improved 
odor of neutrals filtered through low-numbered 
bauxites. This characteristic likewise disappears sub- 
sequent to the first few revivifications. A number of 
oxidation tests have also shown a slight advantage 
for bauxite-filtered oils, as compared with fullers 
earth percolation. 


2. Percolation of Colombian Distillate. 
The curve in Figure 6 represents the filtration of 
an acid-treated Colombian distillate stock, and dem- 


onstrates the rapid degree of efficiency loss suffered 
by bauxite in this service. The initial yield is defi- 
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Bauxite percolation. Colombian distillate. 


FIGURE 6 


Bauxite Efficiency vs. Burning Number. 
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nitely lower as compared with fullers earth than that 
characteristic of the Pennsylvania neutral, and the 
average yield obtained from late-numbered bauxites 
is very low—even under optimum conditions of re- 
burning. It will be observed that at No. 7 the curve 
reaches a value of only 37 percent of No. 1—equiva- 
lent, on a volume basis, tq only 35 to 40 percent of 
new extruded fullers earth. (In view of this low 
value, the tests were not extended beyond No. 7.) 
The conclusion appears inescapable, therefore, that 
bauxite cannot be utilized to advantage on this type 
of stock, unless operations can be balanced in such 
a fashion as to permit the use of No. 1 and 2 only— 
thereafter utilizing the material in residual-stock 
filtration. 


It should be pointed out that stocks of this type 
occasionally, after acid treatment and caustic neu- 
tralization, contain inorganic substances which are 
precipitated upon the filtering medium during the 
filtration process. These compounds exert a “poison- 
ing” effect on the filtering material—experience with 
bauxite having shown that degradation occurs rough- 
ly in proportion to the amount of these compounds 


(Continued on page 553) 
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Bauxite percolation. Pennsylvania petrolatum. 


FIGURE 7 


Bauxite Volume Efficiency (Based on Extruded Fullers 
Earth) vs. Burning Number. 
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HE percolation filtration process for decolorizing 

petroleum products is potentially a low-cost process. 
In general, the greater part of the manufacturing cost 
comprises items of expense other than the adsorbent. 
For this reason a considerable change in the decoloriza- 
tion cost may be made with only slight modifications 
of the operating procedure. 

It is the purpose of this paper to present data on one 
of the important factors influencing percolation filtra- 
tion costs, viz., the recovery of the oil-remaining in the 
filter when the adsorbent is spent. 

In conducting the percolation process the adsorbent 
in the newly-charged filter is soaked with oil until the 
voids between the grains of adsorbent are filled and 
the adsorbent is completely saturated. Inasmuch as the 
filter will contain at the end of the run an amount of oil 
equivalent to the soak, it is evident that, regardless of 
the yields of filtered specification oil recovered from 
the filter, the amount of oil retained in the filter at the 
end of each filter turnover is the same. The economical 
recovery of the soak has an important bearing on both 
yields and process costs. There is an additional con- 
sideration in recovering oil from percolation filters, viz., 
the maximum amount of oil that can be left in the 
adsorbent without interfering with the successful 
revivification of the spent adsorbent. Experimental 
data accumulated by this company indicate that the 
amount of oil remaining in fullers earth has no effect 
upon the efficiency of the revived adsorbent, provided 
the burning operation is so conducted that excessive 
temperatures are avoided and the carbonaceous matter 
is completely removed. It has been generally accepted 
in the industry, however, that the fullers earth returned 
to the burner should not have an oil content greater 
than 2.5 percent by weight of the clay, and our experi- 
ence indicates this figure to be a satisfactory operating 
guide. 

The general procedure in recovering oil involves 
draining the filter and washing with naphtha. Inas- 
much as draining alone does not suffice to remove the 
oil adequately from the clay, it is necessary to resort 
to naphtha washing to reduce the oil and tar content 
of the clay to the desired point. The factors influenc- 
ing the recovery of oil during the draining operation 
are relatively few: They are: 1, temperature; 2, nature 
of the oil; 3, mass and mesh size of clay; and, 4, 
mechanical factors such as the design of the equipment 
and the physical condition of the screen at the bottom 
of the filter. The factors involved in washing with 
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Study of the Recovery of Oil 


from Spent Percolation Filters 











ABSTRACT 


STUDY was made of one of the important 

factors influencing percolation costs, viz., the 

recovery of the oil remaining in the filter when the 

adsorbent is spent. In the process of this investiga- 

tion the factors involved in the two operations of 
filter draining and filter washing were studied. 

The following general observations and conclu- 
sions were drawn from the data obtained: 

1. In plant filters the rate of draining and the 
total amount drained are dependent primarily upon 
the condition of the screen. 

2. In naphtha washing a low uniform washing 
rate is desirable. 

3. The first portion of the washing naphtha 
should be applied at a temperature below that of 
the filter, and in such volume as is necessary to 
remove the filterable oil. The subsequent washing 
naphtha should be added at a temperature above 
that of the filter for the purpose of dissolving an 
increased proportion of the tar. 

4. A paraffinic naphtha of low vapor pressure 
and low end point should be used in washing. 

5. An appreciable increase in the viscosity of the 
original charge increases the amount of naphtha 
necessary to reduce the oil content of the filter to 
a specific magnitude. 

6. The color of the cylinder stock recovered in 
the clay wash is not indicative of its filterability. 

7. The filterability of the oil contained in the 
washings is at present the only criterion that can 
ke used in judging the fraction to ke returned to 
the blend tank for re-processing. 

8. Clay-wash cylinder stock should not he blend- 
ed with stocks of better filterability, inasmuch as 
this material. decreases the filter yields to a much 
greater extent than its arithmetical proportion. 

9. When re-cycle wash is used, extreme care must 
be taken to avoid introducing into the system mate- 
rial of poor filterability, | 

This paper was presented at Nineteenth Annual 

Meeting, American Petroleum Institute, Chicago, 
November 18, 1938. 


naphtha consist of: 1, the wash liquor; 2, nature of the 
oil; 3, the adsorbent; and, 4, physical factors such as 
temperature, rate and design of the filter. While various 
washing methods have been tried and proposed, the 
most practical appears to be that of naphtha washing. 
If we assume that the spent adsorbent must be washed 
until only 2% percent by weight of oil remains in the 
filter, the minimum amount of wash is fixed for a given 
filter. This quantity, it is reasonable to expect, will vary 
with the adsorbent and the type of oil being processed. 
For practical consideration the net oil contained in a 
spent filter is classified as follows: 1, drainings ; 2, filter- 


Refiner & Natural Gasoline Manufacturer—V ol. 17, No. 11 
















able clay-wash stock recovered from the clay wash; 3, 
stock contained-in the clay wash that profitably cannot 
be re-filtered; and, 4, oil and color bodies lost to the 
clay. The particular investigation herein reported has 
been confined to the fullers-earth type of adsorbent and 
to Pennsylvania oils. No acid-treated or solvent-ex- 
tracted oils were included in the investigation. 


PHYSICAL FACTORS AFFECTING DRAINING 
AND WASHING 

Two variables can be manipulated in draining a given 
filter, viz., 1, time; and, 2, cleanliness of the screen. 
Obviously the adsorbent, the temperature of the filter, 
and the viscosity of the oil are fixed by the require- 
ments of the percolation process itself. The time of 
draining is fixed by the condition of the screen and 
plant-operating schedules. The importance of the con- 
dition of the screen will be shown later in the paper. 

Filter washing in the plant does not readily lend 
itself to wide variations in operation. The only four 
variables insofar as a given filter is concerned which 
can in practice be changed are: 1, volume of wash; 
2, rate; 3, temperature; and, 4, type of naphtha. The 
volume of wash is determined by the oil recovery de- 
sired. Our experience has indicated that it is best to 
add wash naphtha slowly to the drained filter to avoid 
mixing. Once the filter has been filled with wash 
naphtha, additional naphtha should be charged at a 
low and uniform rate which is somewhat comparable 
to the original filtration rate. High washing rates may 
result in excessive channeling, which naturally must be 
avoided. 

Due to the large quantity of clay and oil in the filter, 
casual consideration might lead to the thought that the 
initial temperature of the naphtha would not have an 
appreciable effect on the washing operation. This war- 
rants further consideration, however, for the reason 
that the concentration of adsorbed tar is greatest in 
the top layers of the filter. Therefore, it is possible 
that the temperature of the incoming naphtha may have 
a significant effect on the washing operation. An attempt 
was made to study this variable on solution filters ; 
and, while the other variable of rate was not under 
particularly good control, it became apparent that the 
temperature of the naphtha actually does seem to play 
a fairly important part insofar as the color of the 
cylinder stock recovered in the wash is concerned. It 
would appear, therefore, that the proper procedure 
would be first to use sufficient cold naphtha to replace 
the drainings and insure removal of a greater portion 
of the retained oil at a temperature level at or below 
the filtration temperature. Hot naphtha should then be 
used to assist in removing the balance of the oil and 
coloring matter. 

The ideal wash naphtha would be one possessing a 
low vapor pressure to minimize handling loss, and a low 
final boiling point to decrease naphtha retention by the 
‘clay during the steaming operation and to decrease the 
cost of separating the naphtha from the recovered oil. 
Furthermore, the wash used to remove the good oil 
should not dissolve tar and polymerization products. 
Following the removal of the good oil, the filter should 
then be washed with a fluid possessing a high solvent 
power for the tar and polymerization products—thus 
cleaning the clay. Practical considerations generally 
‘enforce the use of a single naphtha having a fairly low 
tolerance for tar and polymerization products. Some 
control of its solvent power can be had by manipulation 
of the temperature. While we are unable at this time 
to present precise data, our information and that ob- 
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tained from other sources indicate that a highly-par- 
affinic naphtha is desirable. 


The nature of the oil present in the filter has an 
important bearing upon the draining and washing 
operations. It would seem that the viscosity, adhesion 
tension, and surface tension of the oils are the physical 
characteristics having the greatest influence on these 
steps of the operation. Inasmuch as the differences in 
surface tension of mineral oils are slight, and be- 
cause data on adhesion tension and methods of measur- 
ing it are tuncertain, no efforts were made to evaluate 
the specific influences of these characteristics on filter 
draining and washing. From a practical standpoint, the 
response of oils of different viscosity to filter draining 
and washing is important; hence, Pennsylvania oils of 
different viscosities were investigated—and, while it is 
not certain that viscosity was the only variable, an effort 
was made to minimize differences in surface and ad- 
hesion tension by using, in these experiments, filtered 
oils. The inspection data of the respective oils are 
shown in Table 1. 









































TABLE 1 
Physical Characteristics of the Oils 
Viscosity, Saybolt 
Universal, at: 
ravity, Color 
Type of Oil (° A.P.I.) 100° F. 210° F. (NPA) 
OD SRE II I OE Pee 33.6 80 Soi 1% 
OS ae err ee 31.3 150 43 2+ 
> rrr a 30.2 276 52 +5 
EN, ee ere ae 26.2 pots 148 +8 
TABLE 2 
Scakage, Draining, and Clay-Retention Data 
(Barrels Per Ton of Clay) 
85 150 280 Bright 
Stock Neutral | Neutral | Neutral Stock 
Soaknme, met OM... oie cece 9.33 9.42 9.08 8.98 
Drainings, net oil............. 4.10 3.90 3.53 3.53 
Clay retention, net oil......... 5.23 5.52 5.55 5.45 




















Note: All filters (except those in which undiluted bright stock was used) 
were soaked, drained, and washed at 130° F. The bright-stock filters were soaked 
and drained at 200° F., and washed with naphtha at 130° F. 


The effect of viscosity on soakage, draining, and oil 
retention is illustrated by the data obtained on these 
oils, and reported in Table 2. In this particular set of 
experiments it may be observed that the relative amount 
of drainings decreases slightly as the viscosity increases. 

The effectiveness of naphtha in removing oils from 
clay and the extent of the washing required to reduce 
the oil content of the clay to 2% percent are shown in 
Table 3 and Figure 1. It is apparent that the viscosity 
of the oil is important in the early stage of the washing 
operation. The practical significance of this is dependent 
upon the amount of clay-wash stock that can be re- 
turned for re-filtering. It is to be observed that, as the 
amount of wash increases, the effectiveness of viscosity 
decreases for all stocks except bright stocks. The effect 
of viscosity has been evaluated with respect to the 
amount of naphtha required to decrease the oil content 
of the clay to 2% percent by weight. These results lead 


to the following estimates: 
Barrels of Naphtha 
Per Ton of Clay 
Required to Give 


Stock 2% Percent Oil 
Oe eteeE 8 oo oo 8 Vo Cn 5S yk oe tees 10.3 
TSO EPR Soe oS 35 0S Rhee ee 10.6 
SOU HOGA: bo hiss Khe i ed as 11.6 


In the case of bright stock it was observed that up to 
15 barrels of naphtha per ton were insufficient to lower 
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the oil content below 7.6 percent. By reference to Figure 
1, it may be seen that the amount of naphtha iy grater to 
reduce the bright-stock content of the clay to 2.5 percent 
would be very great. 

Inasmuch as the major load at the average refinery 
filter plant consists of cylinder stocks and similar oils 


PER CENT BY WEIGHT OF OIL REMAINING ON CLAY, EXPRESSED AS PER CENT OF CLAY 





BARRELS OF WASH RECOVERED PER TON OF CLAY 


FIGURE 1 
Oil Remaining on Clay Vs. Number of Barrels of Wash. 


in naphtha solution, this paper will be devoted primarily 
to filters used in solution filtration. 


PLANT EXPERIMENTAL DATA 


A study was made of the soaking, draining, and 
washing of Pennsylvania cylinder-stock solution filters 
in a plant equipped with filters having a nominal capac- 
ity of 35 tons of fullers earth. These filters are 10 feet 
in diameter by 25 feet high, and are equipped with 
Fulton heads. In this plant the soakage operation in- 
volves slowly adding oil to the filter under conditions 


permitting free displacement of the air. As soon as 
the vessel is full, it is permitted to stand until the 
clay—a 16- to 30-mesh Florida fullers earth—is satu- 
rated. The clay is delivered to the filters at a tempera- 
ture of approximately 120° F., and the oil is charged to 
the soaking operation at a temperature of 130° F. 
A representative mesh analysis and other pertinent tests. 
of the clay are given in Table 4. 


TABLE 4 
Physical Characteristics of the Clay 
Mesh Percent 
MNS oo acid <i sich -ctoictna oad ae abe-drd.s Ae Raa 0.3 
PE ecuador Bien a acee midis ei-tbs Ss bec ee 85.7 
DENS Sivan cole agiitemec een Cee acecmb ead 13.6 
SE 335 FACTS er it 50 pad Haws eso Fee aes 0.2 
Ne a ae nd ey th ath acide ad hiortie adhe a aaa 0.2 
Weight of Unpacked 
Clay After Burning 
Loss on Ignition (Pounds Per 
(Percent) Cubic Foot) 
As received ........ 17.1 30.8 
After burning ...... ao pe 


The typical inspections of the solution and its com- 
ponents are shown in Table 5. The quantity of oil re- 
quired to soak the filter varies somewhat from plant to 
plant. In our particular case the soakage amounts to 
about 7.5 barrels of solution per ton of fullers earth. As 
indicated previously in this paper, the factors influenc- 
ing the draining are: 1, temperature; 2, mass and mesh 
size of the clay; 3, nature of the oil; 4, time; and, 5, me- 
chanical factors. Temperature, mass, and mesh size of 
clay and the nature of the oil are set by demands of 
the filtration operation. Consequently, there is no control 
over these factors in the draining operation. The im- 
portance of time and mechanical factors were studied on 
the 35-ton filters mentioned above. The resultant data 
are presented in graphical form in Figures 2 and 3. 
With clean screens it can be seen that there is little 
recovery of solution after the fourth hour, and that the 
flow from the filter practically ceases by the end of the 
sixth hour; while under average conditions the rate 
decreases to approximately the same figure at the end of 
the eighth hour. It is also obvious that the rate of drain- 
ing and the accumulative drainings decrease as the 
screen fouls. An appreciable saving in time can be made 
by using clean screens and adequate rundown lines. The 
draining rate of the filter should be kept under close 
observation, so that an adequate recovery of oils during 
the draining period is realized without undue expendi- 
ture of time. 

The discussion of washing-solution filters will be con- 
fined to those handling blends of Pennsylvania cylinder 
stock and Sharples naphtha. In the washing of a filter 


TABLE 3 
Effect of Oil Viscosity on Washing Percolation Filters 
Distribution of Net Viscous Oil (Barrels Per Ton) 







































































85 Neutral 150 Neutral 280 Neutral Bright Stock 
STOCK —— — 
———_———_— In Wash Wash In Wash Wash In Wash Wash In Wash Wash 
Wash Number Plus Plus Plus Plus 
Increment Incre- |Accumu-| Drain- | On |Incre- |Accumu-| Drain- | On |Incre- |Accumu-|-Drain- | On |Incre- |Accumu-| Drain- | On 
(1 Bbl. per Ton)| ment lative ings Clay | ment lative ings Clay | ment lative ings Clay | ment lative ings Clay 
a PT ES 1.00 1.00 5.10 4.23 1.00 1.00 4.90 4.52 1.00 1.00 4.53 4.55 1.00 1.00 4.53 4.45 
RR RS. Ae 1.00 2.00 6.10 3.23 1.00 2.00 5.90 3.52 1.00 2.00 5.53 3.55 | 0.925 1.93 5.46 3.52 
i 6 wire areieid ac 1.00 3.00 7.10 2.23 1.00 3.00 6.90 2.52 1.00 3.00 6.53 2.55 | 0.738 2.66 6.19 2.79 
es ctwie eons 0.930 3.93 8.03 1.30 0.976 3.97 7.87 1.55 0.915 3.92 7.45 1.63 0.680 3.34 6.87 2. 11 
eC ee. bate sie 0.571 4.50 8.60 0.73 0.621 4.60 8.50 0.92 0.636 4.55 8.08 1.00 0.546 3.88 7.41 1.5/7 
re 0.240 4.74 8.84 0.49 0.364 4.96 8.86 0.56 0.426 4.98 8.51 0.57 0.378 4.26 7.79 1.19 
, SN ee 0.146 4.89 | 8.99 0.34 0.162 5.12 9.02 0.40 0.174 5.15 8.68 0.40 0.271 4.54 8.03 0.94 
PGs hae tatewn 0.100 | 4.99 | 9.09 0.24 0.10 5.22 9.12 0.30 0.088 5.24 8.77 0.31 0.093 4.63 8.16 0.81 
a kG ana 0.052 5.04 | 9.14 0.19 0.064 | 5.29 9.19 0.23 0.050 §.29 | 8.82 0.26 0.078 4.71 8.24 0.74 
RAS OTe 0.040 5.08 9.18 | 0.15 0.052 | 5.34 9.24 0.18 0.046 5.34 8.87 0.21 0.055 4.76 8.29 0.69 
CS Soo cub ds Ge 0.036 5.12 9.22 | 0.11 0.038 | 5.38 9.28 0.14 0.036 5.37 8.90 0.18 0.052 4.81 8.34 0.64 
Ds Sc.cat wae ie’ 0.033 5.15 9.25 | 0.08 0.033 | 5.41 9.31 0.11 0.033 5.40 8.93 0.15 0.048 4.86 8.39 0.59 
ts OS wade ak so 0.023 5.17 9.27 | 0.06 0.024 5.43 9.33 | 0.09 0.021 5.42 8.95 0.13 0.048 4.91 8.44 0.54 
SS aN oct e a giant 0.019 5.19 | 9.29 0.04 0.019 5.45 9.35 | 0.07 0.019 5.44 8.97 0.11 0.036 4.94 8.47 0.51 
RES Ras ae Bd bee 0.010 5.20 9.30 0.03 0.019 5.47 9.37 0.05 0.017 5.46 8.99 | 0.09 0.033 4.97 8.50 0.48 

















NOTE—AIll filters washed with Sharples naphtha heated to 130 ° F. 
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with naphtha, two procedures may be followed: viz., 
1, displacement washing, in which the filter is not 
drained but in which an attempt is made to recover the 
oil—normally removed by draining—by displacing it 
with fresh naphtha; 2, draining and washing, wherein 
the filter is drained and then washed to remove the bal- 
ance of the solution. In this paper we shall discuss the 


TOTAL SOLUTION RECOVERED— BARRELS 





DRAINING TIME —— HOURS 


FIGURE 2 


Accumulative Draining Vs. Time for 35-Ton Filter. 


second procedure. Theoretical considerations indicate 
that downward washings should be used, inasmuch as 
the wash liquor has a lower density than the oil being 
removed. This procedure lessens the tendency toward 
mixing due to convection. Consequently, downward 
washing only is being considered. Insofar as the drained 
filter is concerned, the amount of solution held between 
the clay particles for a given unit of clay increases 
from the top of the filter to the bottom. At some point 
above the screen the voids frequently are filled with 
solution, due to partial clogging of the screen and the 
lack of sufficient hydrostatic head to force the solution 
through the screen in a reasonable length of time. 
Likewise, the concentration of solution in a given hori- 
zontal plane with respect to its distance from the center 
of the filter may be different, due to the tendency of 
the larger granules of adsorbent to find their way to 
the side of the filter when the filter is charged with 
adsorbent. Hence, the concentration of solution may 
be greater in the center, because capillary attraction 
will tend to hold more solution in the voids between 
small grains in the center than in the case of the larger 
grains at the filter walls. Our concept of the mechanics 
of the washing step is somewhat as follows: As the 
naphtha enters the filter, it first displaces the oil- 
naphtha solution remaining between the particles of 
clay and flows downward toward the screen. Some 
mixing occurs as the mixture of naphtha solution flows 
downward, but the first increment of naphtha will 
contain progressively more and more solution as it 
works its way down through the clay. The solution- 
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enriched naphtha, therefore, reaches the point where it 
begins to displace the solution held in the voids at the 
bottom of the filter. It, therefore, appears that the 
first portion of the wash recovered from the filter will 
be solution having substantially the same composition 
as the charge to the filters, and that the second portion 
of the wash will have an oil concentration but slightly 
less than this—but the stock content in successive in- 
crements must decrease. If we now consider a horizon- 
tal plane located at any point in the filter, it will be 
seen that the first increment of wash passing through 
this portion of the clay will remove the oil held in the 
voids of the clay. Once this material is removed, it 
begins to scrub the surface of the clay. Simultaneously, 
some of the solution retained in the pores of the clay 
may diffuse outwardly into the naphtha. The film of 
unpolymerized cylinder stock would be removed, and the 
tar and polymerization products should dissolve to a 
greater or lesser extent. It is quite likely that the tar 
and polymerization products also hold mechanically 
some occluded cylinder stock. As washing progresses 
under these conditions, the amount of cylinder stock 
contained in the wash will steadily decrease, becasue 
mixing and diffusion occur. Likewise, the ratio of good 
oil to re-dissolved color bodies should decrease. 
Inasmuch as a uniform distribution of adsorbent ac- 
cording to grain size and a similar concentration of 
solution in any horizontal plane may not be realized, 
all of the clay in this plane may not be simultaneously 
experiencing the same portion of the washing cycle. 


SOLUTION RECOVERED — BARRELS PER HOUR 


~ 





DRAINING TIME — HOURS 


FIGURE 3 
Draining Rate Vs. Time for 35-Ton Filter. 


Under these conditions mixing of tar and polymeriza- 
tion products with the good oil may occur early in the 
washing cycle. 

A primary object of the washing step is to reclaim a 
maximum amount of oil having a filterability com- 
parable to the raw cylinder stock. It is desirable so 
to control the procedure that the portion of wash re- 
turned for further filtration is rich in recovered cylin- 
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TABLE 5 
Washing Data Obtained While Using Fresh Naphtha 






















































































=" Solution Data Denuded Oil 
( . 
—_— Stock Con- Vis- | Filter Yields of Net 
Naph- (Per- rad- | cosity | Oil (Bbls. per Ton) 
Elapsed |Naph-| tha cent son at 
Time tha | Run- Color Grav- by Color Grav- |Carbon| 210° F.| Color | Color | Color 
(Min- to | down ity va-- --—————— ity (Per- | (Sec- 6 7 
Sample Taken After utes) /Filter | Tank NPA True | O.D.* | °A.P.I ume) True | O.D.* | °A.P.I. | cent) | onds) | NPA | NPA | NPA 
1 bbl. per ton per wash. 30 74 106 | 5DTt 350 680 44.8 37.1 1,200 | 2,270 26.1 1.6 149 9.9 | 12.0 | 13.5 
2 bbl. per ton per wash. 45 74 108 | 5D 350 766 44.8 37.1 1,200 2,430 26.1 1.9 149 9.3 11.2 12.7 
3 bbl. per ton per wash. 60 74 108 | +5D 300 749 48.6 25.7 1,600 2,990 25.9 2.4 162 8.6 10.6 12.0 
4 bbl. per ton per wash. 80 72 110 | 4%D 270 573 51.9 16.6 2,000 | 3,390 25.7 2.2 156 6.7 7.5 9.2 
5 bbl. per ton per wash. 95 126 84 | 4+D 230 347 53.0 13.7 2,000 | 3,180 25.6 2.4 157 6.4 7.5 9.0 
6 bbl. per ton per wash. 110 126 112 | 8 190 347 53.3 12.9 2,000 | 3,390 25.7 2.4 155 Bee ee 
7 bbl. per ton per wash. 125 123 112 | +8 170 290 54.1 10.7 1,800 3,320 24.6 2.5 168 ioe 
8 bbl. per ton per wash. 135 123 110 | 7+ 150 267 54.2 10.3 1,600 | 3,280 24.1 2.7 153 Fee 
9 bbl. per ton per wash. 150 123 108 | 7+ 150 212 55.4 7.0 2,000 | 3,390 25.3 2.7 154 a, 
10 bbl. per ton per wash. 162 128 106 | 6 88 152 56.3 5.1 1,800 | 3,560 25.3 2.3 153 : as fas 
11 bbl. per ton per wash. 177 130 106 | +6 80 144 56.6 2.8 2,000 | 4,070 25.2 2.5 157 he, Ta) 
Eureka cylinder stock... he Sine EACH aint Ms konanet ah Vea pack mt 3,000 | 5,500 25.9 23 152 S23 1 ligt A 
Fresh raw Eureka solu- | 
See 3+DDt 750 | 1,615 44.9 36.4 2,900 | 5,620 26.0 2.2 152 9.7 | 11.7] 13.1 
Composite filter drain- 
we reba Sh caces’y 5D 350 668 44.7 37.1 1,000 2,170 26.1 Bf 145 9.7 12.0 13.5 
Composite wash to blend 
Se ee 44+D 310 562 47.4 29.0 1,600 3,430 26.2 2.9 149 9.2 10.7 12.2 
Composite wash to stor- 
NRA ae +8 170 290 54.4 9.8 1,100 2,210 25.6 2.1 148 6.2 73 8.6 
Steaming slop to stills. . 6 88 144 57.1 2.7 3,500 | 5,930 24.6 3.7 173 ah xa mF 
| 
Sharples naphtha used 
PEE: a biaoeee sd e's ey ee | (EN, Oa ee aes ene 
| | | 
ASTM Distillation in Deg. F. 
Initial boiling point. ... 2... ce cece cece eee cece res envccecccece 200 OREO CEE ELT COTO TO 5 Ee 290 
a Fae 0G FC eNs < Daw bicds 6044 a0 ae ONES E6 Ceres eesas 230 ER ETE OT RET are aE EE rere ae 302 
RES ETT eee ree th TEE ee 240 I 6055's ia. « ¥.5:10, oS Mace eimai a wa mars os mete a Ae wemdrom toate 314 
EIS AL Serer eee Terre eee eee eee eee 250 EEE eee ee he Cai ott were Sie, ieee 334 
i on bass Meden re see space cece cbentesssedavenance 260 EE Oe eee eres ne Ure pee 348 
NS ii inn 5d A's.d Nb + Fi iase p'2 dle s 06 Os Soe e ewe veseewe = I eo ad oO Te a Saab dca ean dcp hee + 372 


ns Sie ones ad Se eed cbcbiseccassPriseeroscesensess 








Notes: Cuts 1 to 4 inclusive, were returned to the blend tank. Cuts 5 to 11 inclusive, were pumped to clay-wash storage. 
Wash naphtha, 530 barrels. ‘ 


Drainage, 145 barrels. 


1.1 percent. Soakage, 260 barrels. a 
Dilute. t Double dilute. 


* Optical density. 


der stock, and not diluted with naphtha to the point 
where it will interfere with the filtration and dewaxing 
operations. Furthermore, the balance of the washing 
operation, which is conducted for the purpose of de- 
creasing the oil and tar content of the clay to 2.5 per- 


4 


PER CENT CARBON RESIDUE 


OD COLOR OF NET OIL 





BARRELS OF RECOVERED WASH PER TON OF CLAY 


FIGURE 4 


Carbon Residue and OD Color of Cylinder Stock in 
: Recovered Wash. 
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Oil content of clay following steaming, 


cent, should be so conducted that the volume of wash 
requiring re-distillation is kept to a minimum. 

In an effort to study the washing operation, plant and 
experimental data were accumulated with a view to 
evaluating the various factors discussed above. Experi- 
mental runs were made on a 35-ton filter handling 
Pennsylvania cylinder-stock solution. Samples were 
taken representing increments of 1 barrel per ton of re- 
covered wash. The color, API gravity, and stock con- 
tent of the solutions were determined. These samples 
were then denuded of naphtha in the laboratory, and 
the API gravity, color, viscosity, and carbon residue 
were determined on the net oil. In addition, samples 
of the net oil were re-diluted with Sharples naphtha 
to the same concentration used in plant filtration work, 
and the filter yields to various NPA colors were de- 
termined in the laboratory. These data on a typical 
run, along with the essential information regarding 
the cvlinder stock, naphtha, drainings, etc., are pre- 
sented in Table 5. For a complete understanding of 
this table, it may be well to explain that the true colors 
referred to therein were determined according to the 
method described by Weir, Haughton, and Majewski.’ 
The OD colors, or so-called optical-density colors, are 
described by Ferris and Mcllvain.? These color units 
are included in this report, inasmuch as they are more 
or less additive. 

At the time the eleventh barrel per ton of wash was 
recovered, the filter was full of naphtha, which was 
recovered in the subsequent steaming operation. In 
this particular run the filter was washed with 530 bar- 
rels of fresh naphtha, or 15.2 barrels per ton of clay. 
Inasmuch as the filter was soaked with 260 barrels of 
solution and 145 barrels of drainings were recovered, the 
recovered wash and steamings amounted to approxi- 
mately 645 barrels, or 18.4 barrels per ton of clay. The 
first 4 barrels of recovered wash per ton of clay were 
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returned to the cylinder-stock-solution blend tank, and 
the next 7 barrels of recovered wash per ton of clay 
were pumped to clay-wash storage. The filter was 
steamed at this point; and some 260 barrels, or 7.4 
barrels per ton, were recovered as steaming slop. The 
steamed clay contained 1.1 percent by weight of oil. 

The data in Table 5 permit calculation of the oil 


PER CENT CYLINDER STOCK IN WASH 





‘ 2 3 4 5 6 c) il 
BARRELS OF RECOVED’WASH PER TON OF CLAY 
FIGURE 5 


Concentration of Cylinder Stock Per Increment of 
Recovered Wash. 


CYLINDER STOCK REMAINING ON CLAY—PER CENT 
BY WEIGHT OF CLAY 


~- 





BARRELS Of WASH RECOVERED PER TON OF CLAY 


FIGURE 6 


Filterability of Cylinder Stock in Clay Wash Per 
Increment of Wash. 


content of the clay after the application of each in- 
crement of wash. The results of such a series of calcu- 
lations are presented in Figure 7. It is to be observed 
that the first few increments of wash lowered the oil 
content of the clay appreciably, but that the increments 
following the seventh were not as effective. A compari- 
son of the bright-stock data in Figure 1 with those in 
igure 7 illustrates the effect of naphtha dilution on the 
recovery of oil from spent clay. This comparison is be- 


November, 1938—A Gulf Publishing Company Publication 





TABLE 7 


The Effect of Eureka Clay-Wash Cylinder Stock on 
Cabin Creek Cylinder-Stock Filter Yields 






































Filter Yields to 6 NPA Color (Bar- 
Percent Stock in rels per Ton of Clay) 
lution 
Calcu- 
Cabin Fraction; lated 
Eureka Creek oO Yield, Ratio, 
Clay- Cyl- Cabin Addi- Actual 
Wash inder Creek tive to Cal- 
Solution Stock Stock Actual Yield Basis culated 
eR ee eee fe 0 45.0 46.0 1.000 46.0 1.00 
edhe 45.0 0 3.5 0.076 3.5 1.00 
Wiss cat cance 8.2 36.8 17.5 0.380 38.1 0.46 
Es eee 4.1 40.9 26.5 0.580 42.0 0.63 
True Color of 
Sock... 1,200 Sb) @ cece” Dy cadens Me esa 2 waeee 
TABLE 6 


The Effect of Eureka Clay-Wash Clyinder Stock on Eureka 
Cylinder-Stock Filter Yields 

















Filter Yields to 6 NPA Color (Bar- 
rels per Ton of Clay) 
Percent Stock in 
Solution Calcu- 
lated 
Eureka | Eureka Fraction} Yield, Ratio, 
Clay- Cyl- of Addi- Actual 
Wash inder Eureka tive to Cal- 
Solution Stock Stock Actual Yield Basis culated 
Eee Fite 0 45.0 6.1 1.00 6.10 1.00 
eer 45.0 0 3.5 0.57 3.50 1.00 
| ee 8.2 36.8 4.8 0.79 5.64 0.85 
True Color of 
Stock. .... 1,200 a rns Sern Geer sy ee Lee 


























lieved to be valid, inasmuch as laboratory filter-wash- 
ing data accumulated to date appear to check the plant 
data reasonably well. 

Figure 7 indicates that the oil content of the clay fol- 
lowing the use of 11 barrels of naphtha per ton of clay 
was 4.2 percent by weight of the clay. However, the 
steamed clay contained but 1.1 percent oil; consequently, 
the removal of oil from the clay during the steaming 


FILTER YIELD— BARRELS (NET OIL) PER TON 





WASH CUT NUMBER—BARRELS PER TON OF CLAY 


FIGURE 7 
Oil Remaining on Clay Vs. Number of Barrels of Wash. 


operation must be taken into consideration when wash- 
ing a filter for the purpose of preparing the clay for 
revivification. 

A portion of the experimental data showing the 
change in OD color, Conradson carbon residue, and 
the percent of the cylinder stock contained in the wash 
has been plotted against the barrels of recovered wash 
in Figures 4 and 5. While the data presented in Figure 4 
are of considerable interest, they do not touch upon 
one of the most important points, viz., the filterability 
of the recovered oil. Data on this important factor 
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Washing 


TABLE 8 
Data Obtained While Using Re-cycle Naphtha 











































































































































eer Barrels Stock Tests Yield of Net Oil Perco- 
on lated through No. 1 Clay 
through ‘on Vis- Car- 
at Repre- | Solution Tests cosity bon (Barrels per Ton) 
Time | sented Grav- | Flash Fire | at 210°| Pour Resi- 
Sample of by Percent} True ity, Point Point |F. (Sec-| Point, due Iodine | Color Color Color 
0. Sample|Sample| Color | Stock Color ae (° F.) Cr. onds) (° F.) |Percent No. 6 NPA | 7 NPA | 8 NPA 
awh otc uae 0.96 0.964 |44+Dt 34.70 778.75 26.6 535 595 145.0 75 2.025 2.98 3. 4.80 
Pye erreee 1.93 0.964 |44%+D 28.70 778.75 26.3 540 595 147.0 75 1.901 2.61 3.38 4.43 
sas ihskhe'e tis 2.89 0.964 4 +D 24.20 937.50 27.0 525 590 143.0 75 2.078 2.48 3.30 4.30 
hi Seas Se 3.85 0.964 4 +D 21.20 2,668.75 24.7 540 600 133.6 2.279 2.32 3.04 4.11 
ST 4.82 0.964 +8 15.40 1,112.50 27.3 530 595 142.0 75 2.078 2.42 3.08 4.04 
A 5.78 0.964 +7 14.00 937.50 25.9 550 595 149.0 75 2.471 2.43 3.10 4.16 
rey 6.75 0.964 (6 + | Sc Sea re ace aN See 2.598 1.36 2.55 3.65 
er 7.71 0.964 +6 6.30 3,356.25 25.6 530 595 157.0 2.581 1.99 2.40 2.91 
Pe ee arias Sag 8.68 0.964 +5 3.90 2,186.5 24.7 495 585 159.0 75 3.154 ares asters re 
ee 9.64 0.964 [436+ 3.00 2,186.52 24.0 505 590 162.0 80 3.231 
BE aan s'a.0 eed 10.60 0.964 +41, 2.50 1,310.00 25.0 520 580 159.0 65 3.574 
Bh hia oaks os 11.57 0.964 +4% 2.00 355.00 24.5 540 590 180.0 75 3.160 
Bink @ & dows 12.53 0.964 +4\% 1.10 3,356.25 20.0 460 515 223.6 70 5.960 
Se 13.50 0.964 |4 + 0.67 8,850.00 18.8 acs ict ae 374.0 8.810 45 
i ES F 14.46 0.964 |34%+ 0.42 | 12,937.50 14.4 — 935.0 12.030 81 
Baie 2 a dale 15.42 0.964 |34%+ 0.34 | 12,937.50 14.7 833.0 12.090 53 
> =r 16.39 0.964 +3% 0.30 | 12,937.50 14.1 864.0 12.600 51 
Ee eS 17.35 0.964 +3% 0.32 9,637.50 15.3 529.0 11.490 50 
See 18.32 0.964 +3% 0.31 | 12,937.50 14.7 657.2 9.090 53 
Ie pela Wi 19.28 0.964 +3% 0.30 8,850.00 14.4 651.0 10.890 55 
Risa ang 6 hoe 20.24 0.964 {3 + ) 
ras hs ucwela 21.21 0.964 +4 0.30 | 12,000.00 14.2 872.0 8.010 58 
SS 22.17 0.964 +444 
* Clean naphtha started in top of filter at this point. Cuts 8 to 14, inclusive, segregated for first wash on next filter. T Dilute. 
Tests on Material Used for First Part of Wash 
SOLUTION TESTS STOCK TESTS 
Color Percent Stock True Color | Gravity (° A.P.I.) | Viscosity at 210° F. (Seconds) | Carbon Residue (Percent) 
a a a 3.2 2,325 | 24.2 157 3.13 
Tests on Naphtha Used for Washing 
ee OO, ST ete Rak doe daca oe 68 tet ee wk «pines 30+ ae a pr rR ai ae ete 58.3 
ASTM Distillation in Deg. F. 
al, bod Ua babe a Kd eiedabiens ons Dace 60.k0 60m 198 oa re cb hie nee kei hebb as wedodes a.0vko5e BREESE SS ee 282 
Et ooo alin 4 oe 6 440s. oe EES ESO 52S 60 08.ker 236 NN SES ot TCE TR CCC TUT eT RT eee 301 
IR Pe EE Es ee eo RE Ee Pee 245 i cad ha ore Rnd Rheem amen’ henmek emees kaOM 332 
Ree oe eat Poke ted kh pecinees «Ae cae 256 a oo ils, 8 yc Usain sus dea ee ace and o-aig ah Wik we Ware ee aa ee 382 
EE ee ee ene ee ee ee ee 266 SS CREEL LL USE ETO OO OPN OT 97 








are plotted in Figure 6. The information contained in 
Figure 6 emphasizes the importance of controlling the 
amount of washings that are returned to the blend 
tanks for re-processing. Table 5 clearly shows that the 
color of the net stock does not adequately determine its 
filterability. It is not uncommon in plant practice to 
determine the point at which the filter wash is cut out 
of the blend tank by means of the color of the solution. 
Our data indicate that this practice cannot be de- 
fended, because the color of the solution depends upon 
the concentration of the stock as well as the color of 
the oil. Furthermore, the color of the net stock does 
not adequately determine its filterability. This point 
is further illustrated by some experimental work which 
was conducted to determine: 1, the relationship be- 
tween the color of recovered clay-wash cylinder stock 
and filterability; and, 2, the effect of the addition of 
this clay-wash cylinder stock upon the filterability of 
blends of this stock and fresh cylinder stock. In Tables 
6 and 7 are shown the. results of two specific sets of 
experiments bearing upon this point. 

It should be noted that the clay-wash cylinder stock 
having a true color of 1,200 gave a filter yield of but 
3.5 barrels per ton; whereas the raw Eureka cylinder 
stock itself, having a true color of 2,700, gave a yield of 
6.1 barrels per ton. If the filterability of the two stocks 
were in direct proportion to the true colors, it would be 
expected that the clay-wash cylinder stock would be 
considerably superior to the raw cylinder stock. As is 
evident in Table 6, the filterability of the clay-wash 
cylinder stock was but approximately 57% percent of 
that of the raw cylinder stock. Furthermore, it is ob- 
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served that the yields obtained from blends of these two 
different materials were appreciably lower than the 
calculated yield, indicating that the clay-wash cylinder 
stock had a yield-depressing effect upon the clay, regard- 
less of its low initial color and its own filterability. 
The effect of the addition of Eureka clay-wash stock 
upon the filterability of blends of this material and 
Cabin Creek cylinder stock was investigated, and is 
reported in Table 7. The general conclusion to be 
drawn from the data of Table 7 is the same as that for 
Eureka cylinder stock of Table 6, except that the yield- 
depressing effect of the clay-wash stock is accentuated 
as the filterability of the raw stock increases. These 
data indicate that the only practical method of deter- 
mining the proper cut point, insofar as the return 
of filter wash to the blend tank is concerned, is the 
filterability of the stock; and further indicate that there 
is no apparent relationship between the color of the 
stock and its filterability. 

From the above discussion it is evident that the filter 
wash should be divided into at least two portions, viz. : 
1, the portion which has a filterability comparable to 
the raw charge stock ; and, 2, a subsequent portion which 
should not be returned to the filters, but which is gen- 
erally processed for the recovery of the naphtha. In 
the event the oil recovered from the second portion is 
re-filtered, it should be processed without admixture 
with stock of different filtration characteristics. 

In some instances it has been the practice to use 
that portion of the wash which is not returned to the 
blend tank as a first part of the wash on a subsequent 
filter. In such cases this re-cycle wash is followed by 
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clean naphtha. Considered only on the basis of reduced 
distillation burden and with respect to capacity of this 
re-cycle naphtha wash to remove oil from the clay, 
this practice would seem to be a logical procedure. 
However, the data presented in Tables 6 and 7 offer 
evidence that such a procedure might result in serious 
lowering of the yields obtained from the stock returned 
to the blend tank. This practice was investigated ex- 
tensively in the plant. The results of a typical run are 
reported in Table 8. It is interesting to compare the 
filterability of the stock contained in the wash in these 
two instances (Tables 5 and 8, also Figure 6) inasmuch 
as these tests give a direct comparison between the use 
of clean naphtha throughout and the use of re-cycle 
wash. It is obvious that the re-cycle was practically 
as effective as fresh naphtha insofar as the removal 
of oil from the filter was concerned, but there was a 
great difference in the filterability of the recovered oil 
and in the filter yields. If re-cycle wash is used, it 
would appear that extreme care must be exercised to 
avoid the introduction into the charge of material of 
low filterability. 
SUMMARY 

1. In plant filters the rate of draining and the total 
amount drained are dependent primarily upon the con- 
dition of the screen. 

2. In naphtha washing a low uniform washing rate 
is desirable. 


Revivification of Bauxite 








3. The first portion of the washing naphtha should 
be applied at a temperature below that of the filter, and 
in such volume as is necessary to remove the filterable 
oil.. The subsequent washing naphtha should be added 
at a temperature above that of the filter for the purpose 
of dissolving an increased proportion of the tar. 

4. A paraffinic naphtha of low vapor pressure and 
low end point should be used in washing. 

5. An appreciable increase in the viscosity of the 
original charge increases the amount of naphtha neces- 
sary to reduce the oil content of the filter to a specific 
magnitude. 

6. The color of the cylinder stock recovered in the 
clay wash is not indicative of its filterability. 

7. The filterability of the oil contained in the wash- 
ings is at present the only criterion that can be used 
in judging the fraction to be returned to the blend tank 
for re-processing. 

8. Clay-wash cylinder stock should not be blended 
with stocks of better filterability, inasmuch as this ma- 
terial decreases the filter yields to a much greater ex- 
tent than its arithmetical proportion. 

9. When re-cycle wash is used, extreme care must 
be taken to avoid introducing into the system material 
of poor filterability. 
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removed from the charge of stock during percolation. 

Conclusions relative to filtered-oil quality con- 
form, in the case of this stock, to those derived from 
the decolorization of Pennsylvania 180 neutral 
(Table 3) 

In view of the foregoing discussion, it is felt con- 
clusive that, owing to the sensitivity of bauxite in 
the filtration of light distillates, the results to be an- 
ticipated in plant practice are much less predictable 
than those characteristic of residual-stock percola- 
tion. The results reported on the two stocks dis- 
cussed probably approximate the extremes as regards 
bauxite effectiveness, inasmuch as experience has 
shown in this respect that solvent-treated distillates 
respond in a manner essentially similar to the Penn- 
sylvania neutrals. The necessity for the maintenance 
of low temperatures of re-burning for all stocks of 
me type is likewise felt to have been clearly estab- 
ished. 

PETROLATUM FILTRATION 

The percolation of petrolatum is, unquestionably, 
the service in which bauxite shows to the greatest 
advantage, inasmuch as the efficiency of bauxite as 
compared to fullers earth frequently approaches 500 
to 600 percent by volume for new low-burned ma- 
terial. This fact is demonstrated by Figure 7, which 
presents a curve of volume-basis efficiency (com- 
pared to extruded fullers earth) vs. burning number 
for a Pennsylvania petrolatum stock. 

Here again is noted the necessity for the mainte- 
nance of low burning temperatures, optimum condi- 
tions of re-burning having resulted in a final yield 
which is still in excess of extruded fullers earth on 
a volume basis. This, it is felt, demonstrates the un- 
questionable advantage held by bauxite in the per- 
colation of petrolatum stocks and waxes, a superior- 
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ity which becomes even more marked when cogni- 
zance is taken of the fact that the filtrations upon 
which Figure 7 are based yielded petrolatums which 
were sufficiently free of taste and odor so that fur- 
ther purification was unnecessary. 


SUMMARY 

In summary, it may be stated that: 1, the average 
adsorptive efficiency of bauxite, both as compared 
with new material and with fullers earth, varies with 
the source and type of stock to be filtered and the 
method of filtration; 2, that, while fresh bauxite 
exerts a pronounced “solvent” action, this effect di- 
minishes with continued revivification; and 3, that 
improved gravity and carbon are obtainable with 
only the low-numbered bauxites, and only then at 
the sacrifice of viscosity. 

Economic comparisons show bauxite to possess an 
unquestionable advantage over fullers earth in the 
decolorization of petrolatum stocks, residuals, and of 
distillate stocks—provided a balance is maintained 
whereby bauxite, in its early stages, is segregated 
for distillate filtration. The use of bauxite for par- 
affinic distillates exclusively has been shown to be a 
border-line case. The selection of adsorbent for a 
given service, therefore, remains an individual prob- 
lem, and it is hoped that the data which have been 
presented herein will constitute a basis for the solu- 
tion of such questions. 
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OKING has for many years been an important 

process in the refining of petroleum. It is well 
known that, by a combination of crude-residuum coking 
and gas-oil cracking, a higher over-all gasoline yield is 
obtained from crude than by the combination of 
residuum viscosity breaking and gas-oil cracking. The 
widespread use of coking in present-day refining opera- 
tions can probably be attr’.uted to the higher gasoline 
yields obtainable by this process. The high cost of the 
earlier methods of conventional batch-still coking, how- 
ever, has led to the development of continuous coking 
methods which offer appreciable advantages over the 
older method. The “delayed coking” process developed 
by Standard Oil Company (Indiana) has been in com- 
mercial operation for several years, and is superior to 
the batch-still method in many respects. 

This process is based on the principle of rapidly heat- 
ing the stock to be coked to a high temperature and 
charging the heated material into a vertical coking 
drum, where coking is effected by means of the con- 
tained heat. Thus, while the temperature of the 
residuum leaving the heating coil is sufficiently high to 
cause coking, the time of contact in the furnace is short, 
and actual formation of coke is delayed until the stock is 
introduced into the coking drum. This has suggested the 
name of “delayed coking.” 


COMMERCIAL APPLICATION OF DELAYED 
COKING 


One of the first commercial applications of this 
process was a unit constructed by Standard Oil Com- 
pany (Indiana) at its Whiting refinery in 1930 for 
processing Mid-Continent reduced crude. A more recent 
application was the incorporation of the delayed-coking 
principle in a combination crude-running and cracking 
unit put into operation by the same company early in 
1938. Inasmuch as the process as applied in both plant 
installations is essentially the same, a complete descrip- 
tion of only the earlier unit is included here. 

The important features of this process are covered 
by patents issued in the United States and foreign 
countries. 


EQUIPMENT 
The coking unit described herein has a capacity of 
2860 barrels (42 gallons) per day of Mid-Continent 
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ABSTRACT 


PLANT application of the continuous “delayed 
coking” process is descriked. This process, which 
| offers many advantages over earlier batch-still 
| methods, is accomplished by passage of the charg- 
| ing stock through a furnace into one of several 
vertical drums in which coking takes place. Coke 
| removal is effected by cable pulling. 

| 


This paper was presented at Nineteenth Annual 
Meeting, American Petroleum Institute, Chicago, 


November 18, 1938. 








reduced crude of a gravity of 19.0° A.P.I. A simplified 
flow sheet of this unit is shown in Figure 1. The Mid- 
Continent residuum at a temperature of 685° F. is with- 
drawn from a crude-reducing unit (not shown) and 
pumped to the furnace, where it is heated to coking 
temperature. 


A. Furnace 


The furnace employed in this unit is a typical radiant- 
and convective-section heater. The feed enters at the 
bottom of the convective section and passes upward 
countercurrent to the flow of the combustion gases. 
Parallel flow through two tubes is employed in the 
lower half of the convective section, and series flow in 
the upper half. The oil then enters the radiant section, 
in which only series flow is employed. The radiant sec- 
tion contains tubes on each side wall and on the front 
wall, and the hot oil passes in a U-shaped path through 
the lowest tubes on the three walls, then back over the 
reverse route in the second lowest tubes, and so on. 
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FIGURE 1 


Process Flow Diagram for Continuous Residuum Coking. 


After passage through the wall tubes, the oil flows 
through a single row of roof tubes, and out of the 
furnace. The temperature at the roof outlet is 910° F. 
in normal operation. 

The furnace is equipped to burn both gas and oil. 
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Forced- and induced-draft fans operate in connection 
with an air preheater to supply hot combustion air to 
the burners. Firing is controlled by the ojl-exit tem- 
peratures. 


B. Circulating Ring 

After leaving the furnace the residuum enters a 
“circulating ring,’ and from this ring is withdrawn 
to the coking-drum bottem inlet. The hot residuum 
flows around the ring in two directions from the point 
of entrance, being proportioned by valves at this point. 
The flow through each side of the ring is regulated 
manually to maintain the desired temperature in each 
leg. The two streams meet at the point of exit, and the 
combined stream is discharged into the coking drum. 
This method of introducing the charge into the drums 
provides, as will be noted, a system of lines which has 
no dead ends. The undesirable deposition of coke at 
various points is thereby avoided, and the diversion 
of the hot-oil stream from one drum to another is 
facilitated. 


C. Coking Drums 


The heated residuum flows from the circulating ring 
into the bottom of the coking drum at a uniform rate, 
until the drum is filled with coke—the time required 
being determined by previous experience. Three coking 
drums are provided so that operation is continuous. 
The coking drums are of riveted construction, each 16 
feet in diameter and 35 feet in height. The upper head 
is ellipsoidal, and contains a manhole 2 feet in diameter. 
The lower head is conical with a slope of 45 degrees, 
and has at the bottom a manhead 6 feet in diameter. 
The lower manhead is hinged to a carrier on a monorail 
so that it can be pushed out of the way during the coke- 
removing operations. Suitable vapor, steam, and water 
lines are connected from each drum to the common 
respective headers for the three drums to provide ade- 
quate means for alternating the drums during the cok- 
ing cycle. 

The method of coke removal used in this particular 
installation is by cable pulling. The cables are sup- 
ported in the drums at definite levels progressively in- 
creasing in distance apart as the top of the drum is 
approached. On each level are 10 hooks welded to the 
walls of the drum and spaced equally around the cir- 
cumference, so that 5 wires may be placed across the 
diameter of the drum. These wires are used to support 
six 1000-foot lengths of %-inch cable. The cable is 
coiled in flat spirals on the under side of the wires, and 
is held in place by means of bag ties, which consist of 
short lengths of wire with the ends twisted together. 


D. Fractionating System 

The hot vapors from the drum are introduced into 
a fractionating tower of the bubble-cap type. The 
naphtha produced in the coking operation passes over- 
head from this tower and through a water-cooled coil to 
a gas separator. Cold naphtha is pumped back to the 
fractionating tower to provide reflix. Heavy gas oil, 
suitable for cracking-unit charging stock, is withdrawn 
trom the bottom of the fractionating tower through 
a box cooler. 


OPERATION OF THE UNIT 


Operation of the unit as a whole is continuous. In 
normal operation each drum is filled with coke in 36 
hours. During the latter part of the coking cycle on 
each drum, the hot overhead vapors are passed down- 
flow through the next drum to be used in order to pre- 
heat this drum in preparation for receiving the stock 
to be coked. When the desired amount of coke has 
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accumulated in the first drum, the hot feed is switched 
to the second drum. The first drum is allowed to stand 
for 24 hours in order to increase the hardness and 
decrease the volatile matter content of the coke. The 
drum is then cooled by steaming for 15 minutes followed 
by water cooling for 1 hour. 

The drum is then ready for cleaning. The manheads 
are removed, and a cable leader is run from a winch 
and attached to the end of the cable in the coke. The 
cable is pulled at a rate of 40 to 60 feet per minute. 
The coke, falling on a chute, is quenched and dis- 
charged into a railroad car. A record is kept of the 


TABLE 1 
Distribution of Time in a Typical Coke-Drum Cycle 
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number of times each cable is pulled. Inasmuch as 
the coke is hardest and the pulling the most difficult in 
the bottom of the drum, each new cable is used in the 
lowest position until it has-been pulled 12 times. It is 
then moved to the next higher position for 12 pulls, and 
so on—until, after 72 pulls, the cable is discarded. The 
cables increase in diameter by formation of coke be- 
tween the strands—until finally they become too bulky 
for satisfactory use. Rarely is a cable discarded because 
of mechanical failure. The total time to remove the 
manheads and pull the cable is about 4 hours. 

After the cable has been pulled, the coke adhering to 
the walls of the drum is removed by hand. The cross- 
wires and cable are then placed in position working 
downward through the drum. After the cable has been 
mounted, the top and bottom manheads are replaced, 
the air in the drum is expelled with steam, and the drum 
is heated by vapors from the preceding drum in the 
manner described above. The time required for the total 
cycle is 108 hours. A summary of the distribution of 
time for the various operations is given in Table 1. 

Typical operating data for the unit are summarized 
in Table 2. 


TABLE 2 
Operating Conditions for Delayed-Coking Unit 
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In general, coking within the furnace roof tubes and 
sometimes in the upper wall tubes limits the length 
of runs. After 900 to 1000 hours of continuous opera- 
tion the pressure drop through the furnace has in- 
creased approximately 100 pounds per square inch, and 
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TABLE 3 


Effect of Time on Stream on Furnace Operation 
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there are visible indications of localized overheating of 
the roof tubes. The effects of “on-stream” time on the 
operating conditions of the furnace are shown in 
Table 3. 

The feed rate is varied somewhat, depending on the 
character of the residuum and also the condition of the 
furnace; but, in general, is about 106 to 119 barrels 
per hour. 


YIELD AND QUALITY OF PRODUCTS 


The product yields obtained under normal conditions 
of operation are summarized in Table 4. 

The yield of stabilized gasoline of 400° F. end point 
is 22.4 percent of the residuum charged to the coking 
unit. This gasoline has an ASTM octane number of 
55.0, and a Reid vapor pressure of 8.0 pounds per 
Square inch. 

TABLE 4 


Yields from Coking API Mid-Continent Residuum 
(Gravity, 19.0 API) 








Yield 
(Percent of Residuum) Gravity (API) 
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Yields Corrected to 400° F. End Point, Stabilized Gasoline 
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The coke produced differs somewhat throughout the 
drum. In the lower section the coke is dense, with 
hardly any visible porosity, and the volatile matter is 
low. At higher levels, the coke progressively becomes 
softer; more brittle, and the volatile matter increases. 
The hardness of coke produced by delayed coking is 
compared in Table 5 to that of coke produced in hori- 
zontal batch stills. This comparison is based on a quan- 
titative method for determining the hardness—which 
consists of dropping a 25-pound weight from a height of 
30 inches onto lumps of coke weighing 50 grams each, 
and noting the percentage of material thus produced, 
which is retained on a sieve of %4-inch mesh. If all the 











TABLE 5 
Comparison of Coke Hardness 
Hardness 

Delayed Coking: 
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coke is retained on the sieve, the hardness is 100. If all 
of it passes through the sieve, the hardness is 0. 

The average volatile-matter content of the coke is ap- 
proximately 10.5 percent by ASTM Method D-271-33. 
Usually the volatile matter of coke from the top of a 
drum will be about 2 to 3 percent higher than that of 
coke from the bottom of the drum. 


FACTORS AFFECTING COKE CHARACTERISTICS 


The production of substantial quantities of lump coke 
(material retained on a 3-inch grizzly) is desired, be- 
cause usually a higher price can be obtained for lump 
coke than for screenings. Therefore, an important ob- 
jective in the operation of the delayed-coking unit is 
the adjustment of conditions to produce the maximum 
coke hardness consistent with reasonable ease of re- 
moval from the drum. It is possible to produce coke 
of such hardness that frequent cable breakages occur; 
and, as a result, the drums cannot be kept on schedule, 
and the unit must be shut down. The principal condi- 
tions which appear to contrel coke hardness are: 1, 
furnace-outlet temperature; 2, time coke is allowed to 
remain at elevated temperatures; 3, efficiency of drum 
insulation ; and, 4, characteristics of the residuum. 

Several experimental runs have been made in which 
a furnace-outlet temperature of 925°F. was employed 
(normal temperature is 910° F.). This type of opera- 
tion increased the percentage of lump coke by about 12 
percent. Approximately the same increase may be ob- 
tained by allowing the coke to stand in the drum at the 
coking temperatures for a period of 12 to 20 hours 
before cooling. In cases where drum equipment is avail- 
able, the latter method will result in fuel economies, 
inasmuch as lower furnace temperatures will be required 
for the same production of lump coke. From the preced- 
ing discussion it is apparent that the efficiency of insula- 
tion will be a factor affecting coke hardness, inasmuch 
as it affects drum temperature. The addition of cracked 
residuum to the charging stock also tends to increase the 
hardness of the coke. It has been observed in several 
experimental runs that the introduction of 10 to 15 per- 
cent cracked residuum into the charging stock will in- 
crease markedly the coke hardness, and the percentage 
of lump coke will-be increased by about 10 to 15 per- 
cent at constant temperature and coking time. 


COMBINATION COKING UNITS 


The ultimate gasoline yield, including that from 
cracking the coke-still gas oil, can be improved by re- 
circulating the heavy ends of the coke-still gas oil 
within the coking system. This principle was employed 
in the construction of a large combination crude-dis- 
tillation, gas-oil-cracking, and coking unit which re- 
cently started operation. The coking system of this 
unit is similar to that described above, except that it is 
integrated with the cracking and distillation system and 
charges, in addition to reduced crude, heavy re-cycle 
stock boiling above about 850° F. from both the coking 
and cracking systems. It has been possible to achieve a 
close balance between the coking system and the crude- 
distillation and gas-oil-cracking systems. 
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FREDERICK D. ROSSINI* 


Y the fall of 1933 the American Petroleum Institute 

Research Project 6 had made considerable progress 
on the resolution of the gasoline fraction of petroleum, 
and the advisory committee for the project decided that 
the time was then opportune to undertake also the in- 
vestigation of the lubricant fraction. Accordingly, one 
of the units of the project began work on the lubricant 
fraction of the same lot of Mid-Continent petroleum 
which was serving as the source material for the 
project’s study of the gasoline fraction. 

At that time relatively little was known about the 
general constitution of the dewaxed lubricant fraction 
of petroleum, and practically nothing of the actual kinds 
of molecules in it. It was generally assumed, however, 
on the basis of a long extrapolation of the data obtained 
on the gasoline fraction, that the lubricant fraction of 
petroleum contained, in addition to the normal paraffins 
which had been shown to be the constituents of 
the higher-melting waxes, the following types of hydro- 
carbons: 


1. Branched-chain paraffins (tsoparaffins). 

2. Molecules composed of naphthene (cycloparaffin) rings with 
paraffin side chains. 

3. Molecules composed of aromatic rings with paraffin side 
chains. 


4. Molecules composed of both naphthene and aromatic rings 
with paraffin side chains. 


No one, however, had yet definitely established the 
presence of these kinds of molecules in the lubricating- 
oil fraction ; nor demonstrated whether a given dewaxed 
lubricant fraction contained, in significant amount, all 
of these kinds of molecules, or just one or two or three 
kinds. This was one of the questions to be answered by 
the study undertaken by the project. Another was: How 
do these various kinds of molecules react to the different 
processes of fractionation, and in which final fractions 
will they be found? 

This broad survey of the chemical constitution of the 
lubricant fraction of petroleum, which was carried on 
as part of the work of the Institute’s Research Project 
6 by Beveridge J. Mair, assisted at various periods by 
S. T. Schicktanz, F. W. Rose, Jr., C. B. Willingham, 
and A. J. Streiff, has now been completed. From this 
study, covering the period from 1933 to 1938, six re- 
search papers’® and two general reports to the Insti- 
tute” ® have resulted—setting forth in detail the pro- 
cedures employed in the fractionation and separation of 
the material, the determination of the properties of 
the fractions obtained, and the correlation of these prop- 
erties with those of pure hydrocarbons in order to 
identify the final “homogeneous” fractions. The magni- 
tude of the investigation may be judged from the fact 


“National Bureau_of Standards, Washington, D. C., director of Ameri- 
Can Petroleum Institute Research Project 6. 
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ABSTRACT 


THe results are summarized of an experimental 
study, covering a period of. five years, of the chem- 
ical constitution of the lubricant fraction of a Mid- 
Continent petroleum, which has been carried on as 
one of the problems of the American Petroleum 
Institute Research Project 6 at the National Bureau 
of Standards. A complete analysis with respect to 
size and type of molecules has been made of both 
the “water-white” oil and “extract” portions, which 
together constitute about 57 percent of the entire 
lubricant fraction. The kinds of molecules in the 
“wax”? portion, which constitutes about 35 percent 
of the lubricant fraction, are known in a general 
way, but much less definitely than those in the 
“water-white” oil and “extract” portions. The kinds 
of molecules in the “asphaltic” portion, which con- 
stitutes about 8 percent of the lubricant fraction, 
are surmised. The significance and interpretation 
of the data are discussed. It is pointed out that, in 
terms of significant amounts, every hydrocarbon in 
the “‘water-white” oil and “extract” portions con- 
tains one or more naphthene rings, which is to say 
that there are no purely paraffinic or aromatic 
hydrocarbons in these portions. 

Taking the lubricant fraction as 100 percent, the 
following approximate average analysis with respect 
to the kinds of molecules in this Mid-Continent 
petroleum is reported: 

1. About 43 to 51 percent is composed of mole- 
cules with 1, 2, or 3 naphthene rings, together with 
the appropriate paraffin side chains. 

2. About 8.3 percent is composed of molecules 
with 1, 2, or 3 naphthene rings and 1 aromatic ring, 
together with the appropriate paraffin side chains. 

3. About 8.1 percent is composed of molecules 
with 2 naphthene rings and 2 aromatic rings (con- 
densed) together with the appropriate paraffin side 
chains. 

4. About 6.6 percent is composed of molecules 
with 1 naphthene ring and 3 aromatic rings (con- 
densed) together with the appropriate paraffin side 
chains. 

5. About 18 to 26 percent is composed of normal 
(straight-chain) paraffins, plus possibly some iso- 
paraffins (branched-chain). 

6. About 8 percent is composed of the “asphal- 
tic”’ constituents, which have not been investigated. 

This paper was presented at Nineteenth Annual 
Meeting, American Petroleum Institute, Chicago, 
November 18, 1938. . 




















that it involved, in addition to the careful and extensive 
processing of the material, the making of the following 
approximate number of determinations of properties : 95 
of molecular weight; 185 of carbon and hydrogen 
content; 75 of boiling point at 1 mm. mercury; 730 of 
density; 1500 of refractive index; 220 of refractive 
dispersion ; 6400 of kinematic viscosity; 130 of aniline 
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FIGURE 1 


Chart Showing the Separation of the Lubricant Fraction 
into Four Broad Portions. 
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point; 15 of aromatic content by hydrogenation ; and 95 
of optical rotation. 

It is the purpose of the present report to summarize 
the results obtained in this study of the chemical con- 
stitution of the lubricant fraction of petroleum, and to 
present some conclusions deduced from it.* 


DESCRIPTION OF THE PETROLEUM 
INVESTIGATED 


The petroleum which served as the source material 
for the lubricant fraction studied in this investigation 
was obtained in 1928 from the Brett No. 6 well in the 
Ponca City field in Oklahoma, through the courtesy of 
Marland Oil Company (now part of Continental Oil 
Company). The exact location of this well is in the 
center of the NE% SE\% of Section 8, Township 25 
North, Range 2 East, Kay County, Oklahoma. This 
well, located near the crest of the Ponca anticlinal 
structure, produced oil from the uppermost part of the 
Wilcox sand formation of the Simpson group, Middle 
Ordovician in age. The top of the producing horizon 


* The author is indebted to B. J. Mair and C. B. Willingham for aid in 
assembling the charts and tables prepared for this report. 

t See also p. 469 of reference 9. 

t The author is indebted to Walter Miller of Continental Oil Company 
for this complete description of the now “historic’’ Brett No. 6 well. 

§ The author is indebted to Harold M. Smith, of the U. S. Bureau of 
Mines at Bartlesville, Oklahoma, for this report of analysis. 

|| Report entitled “A Decade of Research on the Chemical Constitution 
of Petroleum,” see reference 10. 

** See p. 558-60 of reference 1. 

tt A change in nomenclature is made here. In previous reports the 
“sulfur-dioxide-extract’’ material was labeled ‘“‘extract.”” For convenience 
in discussion, the general name “extract” is here reserved for the sum of 
the above “petroleum-ether-soluble” material and the “‘silica-gel hold-up.” 


was encountered at a depth of 3865 feet, the total depth 
of the hole being 3872 feet. The Brett No. 6 well, 
brought in as a producer under its own gas pressure 
on July 14, 1919 was placed on the pump on January 21, 
1926, and produced under vacuum until October 26, 
1936—when the well was plugged and abandoned be- 
cause of salt-water encroachment.{ 

Of the original crude petroleum obtained from the 
Brett No. 6 well in 1928, a portion has been preserved 
under nitrogen in a steel drum at the Marcus Hook 
plant of Sun Oil Company. In 1938 a sample was taken 
from this lot, and an analysis,$ reported in Table 1, 
was made of it at the Petroleum Experiment Station of 
the U. S. Bureau of Mines at Bartlesville, Oklahoma. 

In connection with the results shown in Table'1, and 
their relation to the present report, two points should 
be noted: 

1. The analysis is representative of the crude petro- 
leum as it came from the well in 1928, and as it was 
first subjected to processing for the work of API Re- 
search Project 6. 

2. This crude petroleum is particularly low in the 
heavier end of the lubricating-oil distillate, as repre- 
sented by material distilling below 300°C. at a pres- 
sure of 40 mm. mercury, and having a viscosity greater 
than 200 seconds, Saybolt, at 100° F. 

A fairly complete report on the hydrocarbons, and 
their estimated amounts’ in the gasoline fraction of 
this same lot of petroleum was given in the report to 
the Institute a year ago.|| 


METHOD AND EXTENT OF SEPARATION 


The method of resolving this lubricant fraction of 
petroleum consisted in the judicious use of distillation, 
crystallization, extraction, and adsorption. 

Separation into Broad Portions 

Figure 1 illustrates the scheme of separating the 
lubricant fraction into four broad portions having quite 
different properties.*** The upper part represents the 
U. S. Bureau of Mines analysis of the original crude 
petroleum, and shows what portion was taken to consti- 
tute the lubricant fraction under investigation. This 
material, composed of 16 distilled fractions, was then 
dewaxed at —18° C. with ethylene chloride** to produce 
a “wax” portion containing, in addition to the true wax, 
a considerable portion of clear oil. The remaining ma- 
terial was then subjected to extraction at about 40° C. 
with liquid sulfur dioxide to produce a “sulfur-dioxide 
extract.” The material insoluble in the sulfur dioxide 
was treated by adsorption with silica gel to produce a 
“water-white” oil and a portion representing the “‘silica- 
gel hold-up.” The “sulfur-dioxide extract” was brought 
into solution in liquid sulfur dioxide at —55° C., and 
extracted with petroleum ether at the same temperature 
to produce a “petroleum-ether-soluble” portion and an 
“asphaltic” portion—the latter from the material re- 
maining in the sulfur-dioxide layer. The “petroleum- 
ether-soluble” material was combined with the “silica- 
gel hold-up” to make what may be called the “extract” 
portion of the lubricant fraction.}+ In this manner the 
original lubricant fraction was separated into the fol- 
lowing four broad fractions: 


The “wax” portion, 35 percent. 

The “asphaltic” portion, 8 percent. 

The “extract” portion, 22 percent. 

The “water-white” oil portion, 35 percent. 


~ Phe 


Before the systematic distillation and extraction, the 
properties of the ‘“water-white” oil portions were 
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roughly as follows: boiling range, at 1 mm. mercury, 
190 to 270° C.; kinematic viscosity at 100° F., 0.2 to 1.1 
stokes (100 to 500 seconds, Saybolt) ; viscosity index, 
90 to 110; density at 25° C., 0.86 to 0.89 grams per 
milliliter (31 to 26° API); refractive index at 25° C., 


(Np), 1.47 to 1.49; specific dispersion, (=>*), 0.0102. 


Similarly, for the “extract” portion, the properties 
were as follows: boiling range, at 1 mm. mercury, 170 
to 290° C.; kinematic viscosity at 100° F., 2 to 20 stokes 
(1000 to 9000 seconds, Saybolt) ; viscosity index, —80 
to —150; density at 25°C., 0.98 grams per milliliter 
(12° API); refractive index (Nv) 1.56; specific dis- 


persion, (=>*), 0.0195. 


The so-called “wax” portion (which contains a con- 


TABLE 1 


Report of the Examination of a Sample of Crude Petroleum 

Taken from the Brett No. 6 Well in 1928. Examination 

Made by the Petroleum Experiment Station of the U. S. 
Bureau of Mines at Bartlesville, Oklahoma. 


SAMPLE 38161 


Beett Well No. 6............000066 a he 2. rere Oklahoma 
Se reer i eee err Kay County 
NNT SESE 5. 50s co es Kab Pawo deeswsnhs wack Sect. 8-25N-2E Indian 


By E. L. Garton and Fred G. Edwards, July 16, 1938 


GENERAL CHARACTERISTICS 


I SN og. ave cuca sigma ccaetes ass eee Gravity, ° A.P.I., 42.3 
Sulfur, percent, 0.11 
Viscosity, Saybolt Universal, at 77° F., 35 sec............ Color, greenish black 


Viscosity, Saybolt Universal, at 100° F., 35 sec. 


DISTILLATION, BUREAU OF MINES HEMPEL METHOD 
Dry Distillation Barometer, 746 mm. First Drop: 32° C. (90 °F.) 










































Spe- A.P 4. Vis- 
cific Grav- | cosity 
Temper- Cut Sum Grav- ity at Cloud | Temper- 
ature (Per- (Per- ity of Cut | 100° F. Test ature 
(° C.) cent) cent) | of Cut ©, (Sec.) (° F.) (° F.) 
Up to 50 2.0 2.0 0.644 88.2 Up to 122 
50- 75 3.2 5.2 0.664 81.6 122-167 
75-100 7.2 12.4 0.708 68.4 167-212 
100-125 9.0 21.4 0.736 60.8 deals apne 212-257 
125-150 7.4 28.8 0.756 55.7 aids are 257-302 
150-175 7.3 36.1 0.774 51.3 wie ey 302-347 
175-200 6.3 42.4 0.791 47.4 347-392 
200-225. 6.2 48.6 0.806 44.1 392-437 
225-250 6.5 55.1 0.819 41.3 437—482 
250-275 7.6 62.7 0.834 38.2 482-527 
Vacuum Distillation at 40 mm. 

Up to 200.| 3.9 3.9 0.851 34.8 40 15 Up to 392 
200-225...| 5.3 9.2 0.858 33.4 45 35 392-437 
225-250... 5.1 14.3 0.870 31.1 56 50 437-482 
250-275... 4.5 18.8 0.881 29.1 81 70 482-527 
275-300...} 4.5 23.3 0.891 27.3 140 90 527-572 


























Carbon residue of residuum, 5.3 percent; carbon residue of crude, 0.7 percent. 


APPROXIMATE SUMMARY 























A.P.I. Viscosity 
Specific Gravity at 100° F. 
Percent Gravity ” (Sec.) 
Light gasoline........ 12.4 0.686 74.8 
Total, gasoline and 
MORNE. .3.05 cs'iss< 42.4 0.740 59.7 
Kerosene distillate. ... 12.7 0.813 42.6 
SAR OMe tin cw esis 16.6 0.846 35.8 
‘Non-viscous lubricat- 
ing distillate....... 9.0 0.864-0.884 32.3-28.6 50-100 
Medium © lubricating 
| ee ee 5.3 0.884-0.896 28.6—26.4 100—200 
Viscous. lubricating 
Ce, aT wie led err Above 200 
Resid... so..4..0.5 0% 12.5 0.941 18.9 Roe 
Distillation loss....... 1.5 ee Sic 
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siderable amount of clear oil in addition to the true 
wax) and the “asphaltic” portion (the greater part of 
which is solid at room temperature, and contains all the 
black tar-like constituents) were placed in storage, and 
have not been investigated. The “extract” portion and 
the “water-white” oil portion were each subjected to 





"WATER-WHITE" 
OIL PORTION 











SYSTEMATIC FRACTIONAL DISTILLATION IN HIGH VACUUM 
(Separation according to size of molecule) 





os 


SUBSTANTIALLY CONSTANT- BOILING FRACTIONS 


(CygHre) 
IK Vicor = (1.10) stokes 
= (270°C) 









(Costs) 


K Viogrr 710.30) stoke 





B.P.imm =(205°C) 
(mene)/d =(0,0102) 








REFLUX EXTRACTION WITH ACETONE 
(Separation according to type of molecule) 
































“HOMOGENEOUS” FINAL FRACTIONS 
(Eoch fraction consists of molecules of substontially similar size and type, and 
represents 1/40,000th port of the original crude petroleum.) 

CersHaso = = = = CrasHeas 
KVioorr = 0.626stoke = = _ —_ KVioorr 71.564 stokes 
v.1. = 36 = =— = — V.1. = 75 
B.Pimnm = 204°C = = = = B.Pime = 270°C 
(m4, 20.0115 = — 442 00109 

"Vd es = CorHsas = Km M/d = 
-_ = KVioorr = 0.608stoke| = - 

Cerstssc = — — = Csp.aHrae 
KVioors = 0.19! stoke aa = = na KVioo*s = 0.733stohe 
V.1. = 141 = =— _ —_ Vv. = 0S 
B.P ime = 207°C = = = = B.Rimm = 276°C 
(y-Me 17g = 0.0101 on = —— ao (np-mel/g = 0.0099 





























FIGURE 2 


Chart Showing the Exhaustive Separation of the 
“Water-white” Oil Portion. 


an exhaustive separation, with respect both to size and 
type of molecules. These separations are shown graph- 
ically in Figures 2 and 3. 

Separation of the “Water-white’ Oil Portion 


Figure 2 illustrates the manner in which the “water- 
white” oil portion was fractionated exhaustively by dis- 
tillation and extraction.” This oil was first subjected to a 
systematic distillation in high vacuum, through about 
eight stages, to produce a large number of substantially 
constant-boiling fractions. An indication of the proper- 
ties of these fractions’ which are mixtures of different 
kinds of molecules, is given in the two blocks, one at 
the low-boiling and one at the high-boiling end. These 
substantially constant-boiling fractions were then sub- 
jected to extraction with reflux in 46-foot columns, 
using acetone (plus some water for the more soluble 
fractions) as the solvent, to produce the final fractions 
shown in the lower part of the figure. The nature of 
these final fractions is indicated by the properties given 
in the blocks for the most soluble and the least soluble 
fractions of both the low-boiling and high-boiling ends, 
together with one fraction in the center of the “spread” 
formation. 

Separation of “Extract” Portion 

Figure 3 illustrates the exhaustive separation of. the 
“extract” portion, by distillation and extraction.* This 
material was processed in the same manner as was the 
“water-white” oil, except that the extraction occurred in 
55-foot columns using methyl cyanide (plus some ace- 
tone for the less soluble fractions) as the solvent. The 
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nature of the final fractions is indicated by the prop- 
erties in the blocks. 
Final “Homogeneous” Fractions 

Each of the final “homogeneous” fractions of both 
the “water-white” oil and “extract” portions was of the 
order of 15 grams (representing 1/40,000th part of the 





"EXTRACT" 
PORTION 











SYSTEMATIC FRACTIONAL DISTILLATION IN HIGH VACUUM 
(Seperation te size of molecule) 





SUBSTANTIALLY CONSTANT-—BOILING FRACTIONS 
CysHy3,S13 Nog Our 

KViooes = 50.0 stokes: 
BP ing * 289°C. 
(yp Me ag = 0.0192 
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REFLUX EXTRACTION WITH METHYL CYANIDE 
(Seperation according to type of molecule) 
























































“HOMOGENEOUS” FINAL FRACTIONS 
(Eech fraction consists of molecules of sub iolly similor size and type, ond 
represents 1/40,000th port of the original crude petroleum) 

CeoctlneSsoNoeOn: = = = Ce7sH30.7S.09N19033 
K Vioore * 5.00 stokes = = = KVjoges 7 >3000)stohes 
MIL * -634 = = = v.1. =(«-3000) 
BP inn * 165°C = = = B.Pinm = (256°C) 
(my Mgvq ® (0.0320) = = (my e14g2 (0.0320) 

= = —[CoastsasSioNooQ,e] = = 

= = KVioors 715.6 stokes = = 

= = V.1. * =350 — = 

= = |[BPime =216°C = 

CeasHeas = (m-Me7g = 0.0201 = CoasHeas 

KVioo*r = 0.1888t0ke = = = KViogrs 70.659stoke 
Vi. = 137 = = a VL = 
BPieg * 187°C = = = BP, 263°C 
("Vg 20.0098 = = = (meMgg =0.0102 























FIGURE 3 


Chart Showing the Exhaustive Separation of the 
“Extract” Portion. 


original crude petroleum from which it came), and 
consisted of compounds of substantially similar size and 
type. These fractions, whilé far from being pure com- 
pounds, appear to be nearer to pure compounds than 
any material (excepting normal paraffin hydrocarbons) 
hitherto separated from the lubricant fraction of any 
crude petroleum. 

Content of Sulfur, Nitrogen, and Oxygen 

While this investigation was concerned primarily 
with the hydrocarbon constituents of the lubricant frac- 
tion, sufficient data were obtained to show the distribu- 
tion of the sulfur, nitrogen, and oxygen in the final 
“homogeneous” fractions of the ‘“water-white” oil and 
“extract” portions and in some of the intermediate 
fractions. 

Concerning the four portions into which the lubri- 
cant fraction was first separated (see Figure 1) the fol- 
lowing statements may be made: 

1. Although no analyses were actually made of the 
“wax” portion’ its manner of separation indicates that 
it is substantially pure hydrocarbon material, and con- 
tains no sulfur or nitrogen in significant amount. 

2. Analyses of the fractions of the “water-white” oil 
portion (see Figure 2) showed that it was substantially 
pure hydrocarbon material, and contained no sulfur, 
nitrogen, or oxygen in significant amount. 

3. Although no analyses were actually made of the 
“asphaltic” portion, the method of separation would 





* This second investigation on a larger quantity of starting material 
(about 15 times that of the first investigation) was undertaken two years 
ago as one of the problems of API Research Project 6. A preliminary 
report on the progress of this second investigation is now being pub- 
lished (see R. - Leslie™). 
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tend to concentrate in it a relatively large part of all 
the sulfur, nitrogen, and oxygen in the original lubri- 
cant fraction. 

4. Analyses of the “extract” portion (see Figure 3) 
showed that the fractions of the distillate contained, 
on the average, about 0.9 percent of sulfur, 0.1 per- 
cent of nitrogen, and about 0.5 percent of oxygen. 
These percentages correspond to about 0.1, 0.03, and 
0.1 atom of sulfur, nitrogen, and oxygen, respectively, 
in a molecule containing a total of about 65 atoms of 
carbon plus hydrogen. The final process of extraction 
distributed this non-hydrocarbon material among the 
various final “homogeneous” fractions, as shown in the 
blocks in the lower part of Figure 3 and as illustrated 


PERCENT 
OXYGEN 


PERCENT 
NITROGEN 
° 


PERCENT 
SULFUR 





10 20 30 40 50 60 7° 80 90 100 
PERCENT EXTRACTED 


° 


The scale of ordinates gives the percentage by weight of sulfur, nitrogen, 
and oxygen. The scale of abscissae gives the percentage extracted of the 
substantially constant-boiling fraction forming charge C (see Mair, Willing- 


ham, and Streiff*). 
FIGURE 4 


Chart Showing the Content of Sulfur, Nitrogen, and Oxygen 
in One Series of the Final “Homogeneous” Fractions of the 
“Extract”’ Portions. 


by the curves in Figure 4. The latter figure gives, as a 
function of the percentage extracted, the percentage 
by weight of sulfur, nitrogen, and oxygen in these final 
fractions of the “extract” portion. It appears that the 
nitrogen concentrates rather completely in the most 
soluble fractions; the sulfur concentrates in the more 
soluble fractions (but not as sharply as the nitrogen) 
with a maximum in the neighborhood of about 25 per- 
cent extracted; and the oxygen is greatest in the most 
soluble fractions, and decreases slowly toward zero at 
the least soluble end. In terms of atoms per molecule, 
the maximum amount of sulfur in any one fraction was 
found to be 0.17 atom in a molecule containing 30 car- 
bon atoms and 40 hydrogen atoms, or about 1 atom in 
400; of nitrogen, 0.19 atom in a molecule containing 27 
carbon atoms and 30 hydrogen atoms, or about 1 atom 
in 300; and of oxygen, 0.33 atom in a molecule contain- 
ing 27 carbon atoms and 30 hydrogen atoms, or about 
1 atom in 170. 


PROPERTIES DETERMINED AND METHOD OF 
CORRELATION 

Because of the limited amount of starting material 
available for this investigation, the above-reported 
separation of the “‘water-white” oil and “extract” por- 
tions of the lubricant fraction was forced to come to a 
halt at the attainment of “homogeneous” fractions— 
leaving the drive toward pure compounds from the de- 
waxed lubricant fraction of petroleum to be made with 
a larger quantity of starting material in another in- 
vestigation.* However, with “homogeneous” fractions 
(containing only molecules of substantially similar 
size and type) available from both the “water-white” 
oil and “extract” portions of the lubricant fraction, a 
comparison of the properties of these “homogeneous” 
fractions with those of pure hydrocarbons of high mo- 
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lecular weight} has made it possible to deduce with 
considerable confidence the kinds of molecules consti- 
tuting the various fractions. 
Properties 

As many different properties as practicable were 
determined in order to leave no reasonable doubt as to 
the conclusions drawn from the comparison of the 
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l 
20 22 24 26 26 30 32 34 36 38 
NUMBER OF CARBON ATOMS 


The values of x are those of the formula CnH2n,x. The line x = + 2 gives 
values for pure paraffin hydrocarbons; x = 0, one-ring naphthenes (cyclo- 
paraffins); x —— 2, two-ring naphthenes; x = — 4, three-ring oo 
x =— 6, four-ring naphthenes; x — — 8, five-ring naphthenes. The points 
marked with crosses, open circles, solid circles, and triangles give the values 
for the respective aromatic hydrocarbons indicated. The series of large circles 
(the numbers inside representing values of x and the numbers outside rep- 
resenting percent extracted) give the values for one series of homogeneous 
fractions of the “extract” portion (see Mair, Willingham, and Streiff*). 


FIGURE 5 
Chart Showing the Value of the Specific Refraction of 
Various Molecules Plotted Against the Number of 
Carbon Atoms per Molecule. 


properties of the “homogeneous” fractions with those 
of pure hydrocarbons. The following properties were 
determined on all the important final fractions” *: 
1, molecular weight; 2, content of carbon and of 
hydrogen; 3, content of sulfur, nitrogen, and oxygen; 
4, boiling point at a pressure of 1 mm. mercury; 
5, density, d; 6, refractive index, Nv; 7, refractive dis- 
persion, Nr-—Nc; 8, kinematic viscosity at 100 and 210° 
F.; 9, aniline point ; and 10, optical rotation, [@]».”° 
From the above properties the following func- 
tions of various properties— were calculated for 
the “homogeneous” fractions: 11, molecular formula, 
C,HonsxSwNyO,, from (1), (2), and (3); 12, specific 


Ny’ + 1 
— ° 7s” : ° ° 
retraction | No'—2] from (5) and (6) ; 13, specific dis- 
d 

TA considerable impetus and an increased degree of certainty were 
given to this work of deduction of molecular structure by the publication 
in 1936 of the data obtained by Mikeska! on the synthesis and properties 
of hydrocarbons of high molecular weight, in the laboratories of Standard 
Oil Development Company. 

t See the discussion in references 8 and 10 regarding the usefulness 
and importance of such functions of various properties. 

§ See reference 5 for details and reference 6 for discussion concerning 
the absence of olefinic compounds. 

* From other information and data on this petroleum (see references 
6 and 10) it is known that this selected fraction contains no olefinic hy- 
drocarbons in significant amount, and that the molecules are composed 
ot naphthene rings, aromatic rings, and paraffin groups. 

_ t?The properties given are not those of an actual “homogeneous” frac- 
tion; but, for convenience in discussion, have been interpolated to whole 
numbers for the carbon and hydrogen atoms per molecule. The properties 
represent very closely those which such a fraction would actually have. 
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persion GAS™) from (6) and (7); and 14, kine- 
matic viscosity index (V.I.) from (8). 


Determination of Aromatic Content 


In addition to the determination of the above proper- 
ties, it was necessary to ascertain, for a given fraction, 
how much of the hydrogen deficiency, as expressed by 
negative values of x in the formula C,H.n4x, was due to 
naphthene (cycloparaffin) rings and how much to aro- 
matic rings. This was determined by subjecting cer- 
tain selected fractions to hydrogenation under conditions 
which produced substantially complete saturation of 
the molecules without any breaking down of the struc- 
ture.§ The properties of these fractions were measured 
after hydrogenation, including determination of the 
molecular weight and content of carbon and hydrogen. 
From the molecular formula before and after hydro- 
genation, the number of carbon atoms in aromatic rings 
in the fraction before hydrogenation was determined. 


Method of Correlation and Deduction of Molecular 
Structure 

Figures 5, 6, and 7 show some of the correlation 
charts. Figure 5 gives a plot of the specific refraction 
against the number of carbon atoms per molecule**®**; 
Figure 6, the specific dispersion®** ; and Figure 7, the 
aniline point.® 

A simple illustration may be given of the actual pro- 
cedure followed in deducing the general identity of the 
molecules in one of the final: “homogeneous” fractions— 
selecting, for simplicity, one containing no non-hydro- 
carbon material* : 

1. The following values of the properties of the 
selected fraction are the first determinedff : 


Carhboe content .....:665.0sss 89.75 percent by weight 
Hydrogen content.......... 10.246 percent by weight 
Molecular weight........... 334.5 grams per mole 
Density, at Zo Gi. ces 3s 1.004 grams per milliliter 
Refractive index, at 25°C... 1.573 (Np) 

Refractive dispersion, at 25°C. 0.0202 (Nr—Nc) 

BT - SOOUE os so deniccand 217 os. 

Kinematic viscosity, at 100°F. 16.0 stokes 

Kinematic viscosity, at 210°F. 0.201 stoke 

pe RR ar an 6 ry 


From the carbon and hydrogen content and the molecu- 
lar weight is obtained the molecular formula, C,Honsx, 
with x being equal to — 16: 

CasHs. 


Molecular formula, 


From the refractive index and density is calculated 
the specific refraction: 
N’?’— 1 
0.3282 (wz F 2), 


d 
From the refractive dispersion and density is calcu- 
lated the specific dispersion : 
0.0201 AS). 


From the viscosity at the two temperatures is calculated 
the kinematic viscosity index: 


Specific refraction, 





Specific dispersion, 


— 365 


Viscosity index, 


2. The specific dispersion, 0.0201, is considerably 
higher than that which would be expected for aromatic- 
free material 0.0098 to 0.0100 (see Figure 6), and 
indicates definitely the presence of aromatic groups in 
this fraction. The specific refraction, 0.3282, would be 
that for an aromatic-free fraction having == —0.3 but 
not +== 16 (see Figure 5); and this also points toward 
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the presence of aromatic groups. (Aromatic groups in- 
crease, while naphthene rings decrease, the specific re- 
fraction.) The value of the aniline point’ 6° C., is indica- 
tive of a high content of aromatic groups. (see Fig- 
ure 7). 

3. The fraction is subjected to hydrogenation at 
225°C. at a pressure of 200 atmospheres until the 
specific dispersion drops to 0.0100, which indicates sub- 
stantially aromatic-free material (see Figure 6). 

4. The following values of properties of the hydro- 
genated material are determined: 


Caren’ cotitent............. 87.13 percent by weight 
Hydrogen content.......... 12.872 percent by weight 
Molecular weight........... 344.6 grams per mole 
SS . gl eee 0.933 grams per milliliter 
Refractive index, at 25°C... 1.502 (Np) 

Refractive dispersion, at 25°C. 0.0093 (Nr—Nc) 

ee SCP Tee Tee 193 a 

Kinematic viscosity, at 100°F. 3.50 stokes 

Kinematic viscosity, at 210°F. 0.118 stoke 

ET I ae Sas a scaca.k oP 87 a 


As before, there are calculated the following: 
CaHu 
N’*?— 1 
0.3163 (x: s 2), 
d 


Nr—Ne 
0.0100 —~j—. 


Molecular formula, 


Specific refraction, 


Specific dispersion, 


— 150 


Viscosity index, 


5. The specific dispersion, 0.0100, shows that the 
hydrogenated material is aromatic-free (see Figure 6). 
The molecular formula, C,;H,,, gives, in C,Honix, an ¥ 
value of —6, which means that the molecule contains 
4 naphthene rings after hydrogenation. The value of 
the specific refraction, 0.3163, is in very good agree- 
ment with the value 0.3161 (See Figure 5) calculated 
for a 4-ring naphthene (*=-—6). The value of the 
aniline point of the hydrogenated material, 87°C., 
correlates very well with that for a 4-ring naphthene 
(see Figure 7). 

6. The increase in the number of hydrogen atoms per 
molecule on hydrogenation is 10; and indicates that, 
in the original molecule, there are two aromatic groups, 
joined through two carbon atoms as in the naphthalene 
nucleus. This is further substantiated by the value ot 
the specific dispersion of the original fraction 0.0201, 
which is to be compared with values of about 0.0185 to 
0.0200 for molecules containing a naphthalene nucleus 
and values of about 0.0150 to 0.0160 for molecules con- 
taining two separate benzene rings (see Figure 6). 

7. The values of the boiling point, density, and re- 
fractive index are each respectively in accord with the 
above conclusions. (The values of refractive index and 
density combined have already been tested in the specific 
refraction. ) 

8. The “homogeneous” fraction from petroleum, 
therefore, consists substantially of molecules composed 
of two naphthene rings, plus two aromatic rings con- 
densed as in a naphthalene nucleus, plus paraffin side 
chains containing 7 carbon atoms (assuming the 
naphthene rings to be cyclohexyl rather than cyclo- 
pentyl).* The question as to just how the naphthene 
rings are joined to the aromatic nucleus, and where 
the paraffin side chain or chains are attached to the 
rings, cannot be answered from the present data. The 

* See reference 6. Inasmuch as the two aromatic rings are condensed, 


it appears likely that all the rings are condensed (i.e., joined together 
through two carbon atoms). 
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SPECIFIC DISPERSION 
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The points give actual observed values for various hydrocarbons, while the 
lines represent average values for the various classes of molecules shown. 
Note the substantially constant value for paraffins and naphthene hydrocar- 
bons. The series of crosses joined by a line represent values for one series of 
“homogeneous” fractions of the “extract” portion (see Mair, Willingham, 


and Streiff*). 
FIGURE 6 


Chart Showing the Values of the Specific Dispersion of 
Various Molecules Plotted Against the Number of 
Carbon Atoms per Molecule. 


following is one of the possible ways in which the given 
component parts may be assembled to form the com- 
plete molecule: 





a Cc C C C 
H VAY \ BYE 
| i! /\ /\ 

H HH HH 


9. The data show definitely that the aromatic and 
the naphthene rings are in the same molecule. This 
may be proved in the following way: On hydrogena- 
tion, the molecular formula of the given “homogeneous” 
fraction changes from C,,;H,, to C,;H,,. It is possible 
to select a number of “non-homogeneous” mixtures of 
two different kinds of molecules which will have the 
above molecular formulas before and after hydrogena- 
tion. One such is an equimolal mixture of two kinds 
of molecules—one kind having the formula C,,;H,, and 
containing two separate naphthalene nuclei (making 
four aromatic rings per molecule) together with the ap- 
propriate paraffin group or groups, and the other kind 
having the formula C,,H,, and containing four naph- 
thene rings per molecule together with the appropriate 
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paraffin group or groups. In 100 molecules of both the 
“homogeneous” fraction, and the “non-homogeneous”’ 
mixture, there would be 200 aromatic rings (100 naph- 
thalene nuclei) and 200 naphthene rings; and both 
would have exactly the same molecular formula (an 
average one for the mixture), C,,H,,, and would show 
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The points give actually observed values; while the curves represent aver- 

age values for various classes of hydrocarbons, as indicated. The x values 

have the same significance as in Figure 5. The series of solid circles joined 

by a line represent values for one series of “homogeneous” fractions from 
the “extract” portion (see Mair, Willingham, and Streiff*). 


FIGURE 7 


Chart Showing Values of the Aniline Points for Various 
Molecules Plotted Against the Number of Carbon Atoms 
per Molecule. 


exactly the same increase in the number of hydrogen 
atoms per molecule (average for the mixture) on hy- 
drogenation. Further, the “homogeneous” fraction and 
the “non-homogeneous” mixture would have roughly 
the same values of density, refractive index, and re- 
lated properties ; but the components of the “non-homo- 
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The scale of ordinates gives the boiling point at a pressure of 1 mm. 


mercury. The scale of abscissae gives the percentage extracted of the sub- 
stantially constant-boiling charges forming series B and C (see Mair, Wil- 


lingham, and Streiff*). 
FIGURE 8 


Chart Showing, for Two Series of “Homogeneous” Fractions 

of the “Extract”? Portion, the Change in Boiling Point when 

the Aromatic Rings in the Molecules are Changed to Naph- 
thenic Rings by Hydrogenation. 


egneous mixture would have different values of boiling 
point and solubility in a given solvent. The important 
point to be noticed here is that such a “non-homogene- 
ous” mixture could not be produced by the method of 
fractionation outlined in Figure 3, for two reasons: 


* See, for example, reference 13. 
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1. The process of systematic distillation would have 
easily separated the two kinds of molecules in the 
“non-homogeneous” mixture, because the 4-ring aro- 
matic molecules would have a higher boiling point than 
the 4-ring naphthene molecules by over 50°C. at 1 
mm. mercury (see Figure 8). 2, The process of extrac- 
tion would also have separated the 4-ring aromatic 
molecules from the 4-ring naphthene molecules because 
of the greater solubility of the former. In a similar 
way, one may dispose of the possibility of the existence 
of other “non-homogeneous” mixtures having all the 
properties and fulfilling the conditions of preparation 
of the “homogeneous” fractions. 

Figures 8, 9, and 10 show some additional correlation 
charts, with curves plotted with respect to the percent- 
age extracted (with methyl cyanide) of one of the 
substantially constant-boiling fractions of the “extract” 
portion (see Figure 3). Figure 8 gives the boiling 
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The scale of ordinates gives the kinematic viscosity, at 100° F., in 
stokes. The scale of abscissae gives the percentage extracted of the sub- 
stantially constant-boiling charge forming series C (see Mair, Willingham, 


and Streiff*). 
FIGURE 9 


Chart Showing, for One Series of “Homogeneous” Fractions 

of the “Extract”? Portion, the Change in Kinematic Viscosity 

when the Aromatic Rings in the Molecules are Changed to 
Naphthenic Rings by Hydrogenation. 


point of the fractions before and after hydrogenation 
(or complete conversion to naphthenes)*; Figure 9, the 
kinematic viscosity at 100° F. before and after hydro- 
genation®; Figure 10, the viscosity index before and 
after hydrogenation.® 

In identifying the molecules constituting one of the 
“homogeneous” fractions by comparison of its proper- 
ties with those of pure hydrocarbons of known struc- 
ture, it is important to note that while there is a good 
probability of finding two different molecules, with the 
same molecular formula, having the same value for 
one property, there is a practically infinitesimal prob- 
ability of finding them with five or more different 
properties of the same value.* 


EFFECT ON PROPERTIES OF CHANGING 
AROMATIC TO NAPHTHENE 
(CYCLOPARAFFIN) RINGS 
In connection with the data obtained in this work, it 
is interesting to note the very great differences in the 
values of the properties of hydrocarbons containing 
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both aromatic and naphthene rings, and the proper- 
ties of the corresponding molecules with the aromatic 
rings converted to naphthene (cycloparaffin ) rings. 
Values of properties are shown in Table 2 for hydro- 
carbons containing paraffin groups attached to the fol- 
lowing number and kind of rings*: 
I. (a) 1 naphthene ring + 3 aromatic rings (condensed as 
in anthracene or phenanthrene). 
(b) 4 naphthene rings (same structure as I (a)). 
II. (a) 2 naphthene rings + 2 aromatic rings (condensed as 
in naphthalene). 
(b) 4 naphthene rings (same structure as II (a)). 
III. (a) 2 naphthene rings + 1 aromatic ring. 
(b) 3 naphthene rings (same structure as III (a)). 
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The scale of ordinates gives the kinematic viscosity index. The scale of 
abscissae gives the percentage extracted of the substantially constant-boiling 
charge forming series C (see Mair, Willingham, and Streiff®) 


FIGURE 10 


Chart Showing, for One Series of “Homogeneous” Fractions 

of the “Extract” Portion, the Change in Viscosity Index 

when the Aromatic Rings in the Molecules are Changed to 
Naphthenic Rings by Hydrogenation. 


That is to say, the molecules I (0), II (6), and III (6), 
are, respectively, the same as I (a), II (a), and III 
(a) with hydrogen atoms added to the aromatic rings 
to convert them to naphthene rings. Inasmuch as the 
number of rings converted from aromatic to naphthene 
is, respectively, 3, 2, and 1, it would be expected that 
the greatest change in properties would occur between 
I (a) and I (6); next greatest between II (a) and II 
(b), with the least change between III (a) and III 
(b). It should be noted also that for the molecules I 
and II about three fourths of the carbon atoms are in 
rings, while for molecules III about one half of the 
carbon atoms are in rings. 


* See reference 4 for details. 


In Table 2 one may notice the great changes in the 
properties of molecules I (a) and I (6) in kinematic 
viscosity at 100° F. from 90 to 3.5 stokes; in vis- 
cosity index from —1600 to —300; in refractive 3 
from 1.628 to 1.505; in density from 1.061 to 0.940; 
specific refraction from 0.3343 to 0. 3154 ; in specific bis- 
persion from 0.0281 to 0.0100; in aniline point from 
<<C0'C. to G2°C.; and in boiling point from 
218 to 176° C. These marked changes in properties on 
the hydrogenation of the aromatic rings to the cor- 
responding naphthene rings are also illustrated in Fig- 
ures 8, 9, and 10 for boiling point, kinematic viscosity, 
and viscosity index, respectively. 


NUMBER AND KIND OF HYDROCARBONS IN THE 


LUBRICANT FRACTION 


From the data obtained in this investigation (see 
Mair et al*®) it is possible to make certain conclusions 
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The scale of ordinates gives, as indicated ( er molecule) the total number 
of rings, the number of naphthenic rings, By he number of aromatic rings. 
The scale of abscissae gives the percentage extracted of the substantially 
constant-boiling charge, for all of series C and part of series B. The arrows 
point to the “plateaus”? at 1 and 2 aromatic rings. (See Mair, Willingham, 


and Streiff®). 
FIGURE 11 


Chart Showing the Number of Rings per Molecule for One 
Series (and Part of Another) of ““Homogeneous’’ Fractions 
of the “Extract”? Portion. 


concerning the number and kind of hydrocarbons in the 
lubricant fraction of the Mid-Continent petroleum 
studied. 
Numbers of Rings per Molecule 

Figure 11 gives a plot® of the number and kind of 
rings per molecule in the “homogeneous” fractions pro- 
duced by subjecting to extraction, with methyl cyanide, 


TABLE 2 
Effect on Properties of Hydrocarbons on Changing Aromatic Rings to Naphthene Rings 
(The Following Values of Properties are Interpolated from Those for Actual “Homogeneous” Fractions) 























~) 
o 
No. Carbon | Boiling Refrac- Den- Spe- Spe- 
No. Aro- Atoms Point Re- tive sity cific cific 
of matic in atl Kinematic fractive Dis- at 25° Refrac- | Disper- 
Mole- Naph- Rings | Paraffin MM. Viscosity at: Index persion Cc. tion sion 
cular thene (Con- Side Mer- Vis- at 25° at 25° (Grams | N2—1 1} Nr—Nc | Aniline 
For- Rings Fr earl Chains cury 100° F. | 210° F. cosity Cc. Cc. per —_ Point 
No. mula * Tt (° C.) (Stokes) | (Stokes) | Index (Np) (Nr-Nc) | Milliliter|; N2+2 d d (° C.) 
I (a)....| CarHee 1 3 5 218 90 0.26 —1,600 1.628 0.0298 1.061 0.3345 0.0281 <<0 
I (b)....| CasHao 4 0 5 176 3.5 0.10 — 300 1.505 0.0106 0.940 0.3155 0.0100 82 
II (a)....| CasHaa 2 2 7 217 16 0.20 — 365 1.573 0.0202 1.004 0.3282 0.0201 6 
II (6)....| CosHas 4 0 7 193 3.5 0.12 — 150 1.502 0.0093 0.933 0.3163 0.0100 87 
III (a@)....| CosHae 2 1 14 216 0.83 0.078 35 1.508 0.0114 0.918 0.3247 0.0124 5+ 
III (6). ...| CeasHs2 3 0 14 212 0.76 0.075 40 1.485 0.0089 0.889 0.3224 0.0100 103 












































* Probably condensed. 


t Calculated on the basis of the naphthene rings being cyclohexyl, condensed together, and condensed with the aromatic rings. 
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a substantially constant-boiling fraction of the “extract” 
portion of the lubricant fraction (see Figure 3). In this 
plot, it is to be noted that, as one proceeds from the least 
soluble end toward the most soluble end, the number of 
aromatic rings increases from O to 3 or more—with 
definite “plateaus” at 1 and 2. At the same time the 
number of naphthene rings, beginning at the least 
soluble end, increases quickly to 3, and then drops to 2 
at 90 percent extracted; increases slowly to near 3 at 
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The scale of ordinates gives, as indicated (per molecule) values for the 
total number of rings, the number of naphthenic rings, and the number 
of aromatic rings. The scale of abscissae gives the percentage extracted of 
the substantially constant-boiling charge forming series C. 


FIGURE 12 


Chart Showing the Number of Rings per Molecule for One 
Series of “Homogeneous” Fractions of the “‘Water-white” 
Oil Portion. 


70 percent extracted; decreases to 2 at 60 percent ex- 
tracted; increases slightly; and then decreases gradu- 
ally to 1 at 10 percent extracted. It is interesting to 
note that from about 70 percent to 0 percent extracted 
the total number of rings per molecule is substantially 
constant near 4; and that, in this range, as one pro- 
ceeds toward the more soluble fractions, naphthene 
rings are gradually being replaced by aromatic rings. 
The values plotted in Figure 11 are based upon careful 
determinations of properties, including determination 
of the aromatic content by hydrogenation with subse- 
quent re-determination of properties, as reported by 
Mair, Willingham, and Streiff.*°.® 

Figure 12 is a plot, with respect to percentage ex- 
tracted, of the number and kind of rings per molecule 
in the “homogeneous” fractions produced by subjecting 


to extraction, with acetone, a substantially constant- 
boiling fraction of the “water-white” oil portion (see 
Figure 2). The values plotted in Figure 12 are not as 
accurate as those in Figure 11, because the amount of 
aromatic material in this case has been estimated from 
values of the specific dispersion of about five fractions 
of the series rather than from the accurate determina- 
tion, on twice that number of fractions, of the increase 
in the number of hydrogen atoms per molecule on 
hydrogenation. Figure 12 shows that, for this series of 
“homogeneous” fractions of the “water-white” oil, in 
going from the least soluble end to the most soluble 
end, the average total number of rings per molecule 
increases gradually from 1 to 3.2. The average num- 
ber of naphthene rings per molecule increases from 
about 1 at 100 percent extracted to a maximum near 
3 at about 25 percent extracted, and then decreases 
somewhat to about 2.4 at O percent extracted. The 
average number of aromatic rings per molecule is zero 
from 100 percent to about 25 percent extracted ; begins 
to be measurable at about 20 percent extracted ; and in- 
creases to about 0.8 at 0 percent extracted. 
Approximate Average Analysis 

Table 3 gives an approximate average analysis of the 
lubricant fraction with respect to kinds of molecules, 
including estimates of the amounts in the ‘“water- 
white” oil, “extract,” and “wax” portions. The values 
in parentheses are less reliable than the others. 
“Water-white” Oil 

An estimated 92 percent of the ‘“water-white” oil (see 
Figure 2 and Table 3) consists of hydrocarbons con- 
taining 1, 2, or 3 naphthene rings with the appropriate 
paraffin groups. The remaining 8 percent consists of 
molecules containing 1 aromatic ring together with 
1 or 2 naphthene rings and the appropriate paraffin 
groups. The number of carbon atoms per molecule 
ranges from about 25 at the low-boiling end to about 
40 at the high-boiling end. In terms of significant 
amounts, every hydrocarbon in this portion of the lubri- 
cant fraction contains one or more naphthene rings. 
“Extract” Portion 

An estimated 8 percent of the “extract” portion (see 
Figure 3 and Table 3) consists of molecules containing 
2 or 3 naphthene rings with the appropriate paraffin 
groups; about 25 percent of molecules containing 1 
aromatic ring together with 2 or 3 naphthene rings and 
the appropriate paraffin groups; about 37 percent of 


TABLE 3 


Approximate Average Analysis of the Lubricant Fraction with Respect to Kinds of Molecules. (These Molecules Contain 
from 20 to 40 Carbon Atoms) 
































Percentage Percentage Percentage 
of in the in the Entire 
Lubricant Molecules Composed of the following Component Parts, with the Rings Condensed Given Lubricant 
Part Fraction (that is, Joined through Two Carbon Atoms) When More than One Portiont Fraction{ 
“Water-white”’ 35 T mepeene* TIME... wc cc ccc coseens mee RR ho PS o's S caieicla. 3 see Roe PUNO (15) ( 5.3} 
oil ree ee et IR oi5 55 5.50 4.5564 tee 54,680s bee Melek Eee 92; (45) 32.24 (15.7) 
ee | ars errr oir: MIS 3 tao 6:55 6-6, 4,.3:56° 601.0 10 MDa 4 mond ee (32) (11.2) 
1 naphthene ring + 1 aromatic ring + paraffin groups..................0cceceeceeees 8 2.8 
2 naphthene rings + 1 aromatic ring + paraffin groups................00eccccceeeeeee 
“Extract’’t 22 ee rere ere Be I BOI aia re. Sea! 00> bedi ae ee ane dee 8 1.1 
S mapethome TGS: q. os. es ccccccs > NN Mi ia. oh 065 5 bw KD Od oA 2 pa 
2 naphthene rings + 1 aromatic ring + paraffin groups.................2cccceecvecees 25 5.5 
3 naphthene rings + 1 aromatic ring + paraffin groups...............0.0cccccecceucce 
2 naphthene rings + 2 aromatic rings + paraffin groups...............2c0ceeeeceecues 67{ (37) 14.7f (8.1) 
4 1 naphthene ring + 3 aromatic rings + paraffin groups.................0ccecuceeceees (36) 
“Wax” 35 1, 2, or 3 naphthene rings ......... fe I IN 065.0595 % 6 304.4 drcaale De APR a eb ae 50)\ to {25 17\ to { 9 
q Normal paraffins, plus possibly some isoparaffins................0 ccc ceeeeccccccucuees 50 75 18 26 
“‘Asphaltic’”’ 8 (Probably highly-condensed multi-ring aromatics, very low in hydrogen, together with the 
bulk of non-hydrocarbon material of the original lubricant fraction. 

















* Cycloparaffin. 


¢ Contains also the non-hydrocarbon material discussed on page 5. 
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t The values in parentheses are less reliable than the others. 
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TABLE 4 
Properties of the “Wax” Portion”* 

Light Lower Upper Heavy 

End Middle Middle End 

thee ed tins da cain edb saps coat shee cdeseinestaaman 1.4481 Dee Op eeke se GE raed ee 
es he Ae ce dab se Ma scae edn bos daeeGheesaseaeaqaes 0.00786 | a re rae: Eee 
Densityf at 50° C., grams _—* SERS ULNA eG alk Gara 0g AAS Oia nya aw A ALA ae 46:0 aw Raye ule bb % ib be Bote ate 0.8056 0.8152 (0.824) (0.837) 

1 
Specific refraction at 50° C. (8 eNO I Ar Mace a es ee Sen ck liGnk sake be Skee eae wre uals Rosemae a .. 0.3324 0.3313 AE EOS ET Bae Wt Ur 
d 
Nr—Nec 

Specific dispersion at 50° C. ) Re eee ad eee eh Ne Sins UN aie a didialy glk Wie erkib a o> Mien aaa 0.0098 BRL VP PRG Gumigeteer. eae 
Kinematic a a irae Fee OC CET PONE eee eT Oe ee Pe eer reer 0.0705 0.0893 ee ere 
es, ee ane oie vial Spa coals odteende Wks es den dee hecesedvdesicniee teen 0.0354 0.0473 0.0555 0.0835 

















* Values of the kinematic viscosity are taken from Table 2 of reference 1; values of refractive index, refractive dispersion, and density are unpublished data 
obtained by B. J. Mair and C. B. Willingham. The four cuts are, respectively, No. 24, 28, 32 and 36 of the 16 cuts (No. 23 to 38) constituting the entire ‘‘wax”’ 


portion. 


t Values in parentheses are extrapolated from measurements at 65.5 and 98.8° C. 


molecules containing 2 aromatic and 2 naphthene rings 
together with the appropriate paraffin groups; and the 
remainder (30 percent) of molecules containing 3 aro- 
matic rings and 1 naphthene ring with the appropriate 
paraffin groups. The number of carbon atoms per 
molecule ranges from about 20 to 25 at the low-boiling 
end to about 28 to 36 at the high-boiling end. In terms 
of significant amounts, every compound in this portion 
of the lubricant fraction contains one or more naph- 
thene rings. 
“Wax” Portion 

The so-called “wax” portion (see Figure 1 and Table 
3) constitutes 35 percent of the entire lubricant fraction. 
This large percentage resulted from the method of 
dewaxing’ (with ethylene chloride at — 18°C.) which 
removed, along with the true wax, an appreciable 
quantity of clear oil because of the insolubility of the 
latter in ethylene chloride at —18°C. Because of 
the fact that no further separation was performed on 
this “wax” portion after the first division of the lubri- 
cant fraction into four main portions, any conclusions 
made concerning the constituents other than the well- 
established normal paraffin hydrocarbons must be some- 
what speculative. However, considering the several 
properties previously reported for the unfractionated 
“wax” portion, together with the recently-obtained 
values of specific refraction and specific dispersion given 
in Table 4, some limited statements may be made con- 
cerning the constitution of this “wax” portion. 


As mentioned above, the “wax” portion consists of 
the true wax plus the clear oil insoluble in the solvent 
at the dewaxing temperature. The normal (straight- 
chain) paraffin hydrocarbons are contained in the true 
wax, which probably contains also some one-ring and 
two-ring naphthene hydrocarbons having a symmetrical 
structure.* In this connection there may be pointed 
out a correlation made of the molecular formulas and 
freezing points of several waxes from a Mid-Continent 
petroleum.***" These data showed that those waxes 
having the same melting point as the corresponding 
normal paraffin hydrocarbons had 14=2 in the molecular 
formula C,H.n+x, which indicated that they were normal 
paraffins; while those waxes melting about 30°C. 
lower had + =0.5 in the molecular formula, which indi- 
cated the presence, on the average, of about three 
fourths of one naphthene ring per molecule in these 
lower-melting waxes. The foregoing conclusion regard- 


ing the presence of naphthene rings in the hydrocar- 
ecidinsciioes | 

* As has been pointed out before (see, for example, Table 1 of refer- 
ence 10) the freezing point of hydrocarbon molecules is, for a given size, 
of molecule, dependent (among other things) on ‘the ‘symmetry of the 
molecule, but not on its type; the greater the symmetry of the structure 
of the molecule, the higher the freezing point. 

t These can be calculated from the data given in reference 16. 
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bons of the lower-melting waxes is supported also by 
values of the specific refraction of these same waxes.f 

The “oil” part of the “wax” portion undoubtedly 
consists of molecules similar to those in the less soluble 
of the “homogeneous” fractions of the ‘‘water-white” 
oil portion (see Figures 1 and 2 and Table 3) i.e., of 
one-ring naphthenes, two-ring naphthenes, and three- 
ring naphthenes. However, the proportion of one-ring 
naphthenes to three-ring naphthenes would be expected 
to be somewhat greater in the oil in the “wax” portion 
than in the “water-white” oil portion because of the 
small amount of fractionation occurring in the dewax- 
ing process, which would favor slightly the precipitation 
of the one-ring naphthenes as against the multi-ring 
naphthenes. 

It also appears likely that the entire “wax” por- 
tion, including both true wax and oil, contains little 
or no isoparaffins (branched-chin paraffins) in sig- 
nificant amount. It appears that this latter statement 
may be made because, if there were isoparaffins in the 
original lubricant fraction, some of the less symmetri- 
cal ones would have become part of the “water-white” 
oil portion, and no isoparaffins in significant amount 
were found in the latter material.? Furthermore, the 
lower-melting waxes have been shown to be naphthene 
hydrocarbons, rather than isoparaffins.*:?1778 

Table 4 contains values of the refractive index, re- 
fractive dispersion, density, specific refraction, specific 
dispersion, and kinematic viscosity for several of the 
16 fractions constituting the “wax” portion of the 
original lubricant fraction (see Figure 1 of this paper 
and Table 2 of reference 1). The values of the specific 
dispersion show that the entire “wax” portion is sub- 
stantially free of aromatic hydrocarbons. The values of 
the specific refraction indicate that the entire “wax” 
portion contains, on the average, about 0.6 to 0.8 of a 
naphthene ring per molecule. Assuming that in the 
naphthene molecules alone there will be, on the average, 
from 1.5 to 2.5 rings per molecule and, further, that 
isoparaffins are absent, then it may be estimated that 
in the entire “wax” portion the proportion of molecules 
will be in the range from 50 percent normal paraffins 
(plus possibly some isoparaffins) and 50 percent naph- 
thenes to 75 percent normal paraffins (plus possibly 
some isoparaffins) and 25 percent naphthenes (the 
naphthenes having, of course, their appropriate side 
chains). 

“Asphaltic” Portion 

In regard to the “asphaltic” portion of this lubricant 
fraction (see Figure 1) no further separation was per- 
formed. On the lightest and heaviest fractions of this 
material there were determined the softening point, 
the solubility in petroleum ether at room temperature, 
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TABLE 5 
Properties of the “Asphaltic” Portion 
Light | Heav 
End* End 
See OUT 8 Oi nn ia sit Kaede deena seadmabe ats <25 50 


Percentage soluble § in petroleum ether { at about 25° C., 
se OR ee a here Pe ee 92 62 
Refractive index of the part soluble in petroleum ether at 
about 25° C. (Np?5) 1.66 1.67 











* Lightest (No. 23) of the total of 16 fractions (No. 23 to 38). 
+ Heaviest (No. 37+No. 38) of the 16 fractions (No. 23 to 38). 
t Ring-and-ball method. 

§ Determined by O. G. Strieter « 

X Boiling point of the petroleum ether, 25 to 60° C. 


and the refractive index of the material soluble in 
petroleum ether at room temperature. These data have 
been reported by Mair, Willingham, and Streiff,* and 
are reproduced here in Table 5. From these few prop- 
erties, together with the processes of separation in- 
volved, it is apparent that this material is probably 
composed of molecules with highly-condensed aromatic 
nuclei and few or no naphthene (cycloparaffin) rings 
or paraffin groups, and containing all of the sulfur 
and nitrogen of the original lubricant fraction except 
that which was found in the “extract” portion. 
Summary of Analysis 

Taking the lubricant fraction as 100 percent, the 
values given in the last column of Table 3 lead to the 
following summary: 

1. About 43 to 51 percent of the lubricant fraction is 
composed of molecules with 1, 2 or 3 naphthene rings, 
together with the appropriate paraffin side chains. 

2. About 8.3 percent is composed of molecules with 
1, 2 or 3 naphthene rings and 1 aromatic ring, together 
with the appropriate paraffin side chains. 

3. About 8.1 percent is composed of molecules with 
2 naphthene rings and 2 aromatic rings (condensed) 
together with the appropriate paraffin side chains. 

4. About 6.6 percent is composed of molecules with 
1 naphthene ring and 3 aromatic rings (condensed) 
together with the appropriate paraffin side chains. 

5. About 18 to 26 percent is composed of normal 
(straight-chain) paraffins, plus possibly some isoparaf- 
fins (branched-chain). 

6. About 8 percent is composed of the 
constituents. 


“asphaltic” 


CONCLUSION 


From the work which has so far been completed on 
the lubricant fraction of a Mid-Continent petroleum by 
API Research Project 6, the following points may be 
noted : 

1. A complete analysis with respect to size and type 
of molecules has been made on both the “water-white”’ 
oil and “extract” portions, which together constitute 
about 57 percent of the entire lubricant fraction. In 
terms of significant amounts, every hydrocarbon in 


these two portions contains one or more naphthene 
rings, which is to say that there are no purely paraffinic 
or aromatic hydrocarbons in these portions. 

2. The kind of molecules in the ‘“‘wax” portion, which 
constitutes about 35 percent of the lubricant fraction, 
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is known in a general way, but much less definitely 
than those of the “water-white” oil and “extract” por- 
tions. 

3. The kinds of molecules in the “asphaltic” portion, 
which constitutes about 8 percent of the lubricant frac- 
tion, are surmised. 

With regard to current and future work on the lubri- 
cant fraction by this project, the following points may 
be made: 


1. An effort toward the separation of pure hydrocar- 
bons from a large quantity of the dewaxed lubricant 
fraction of a second Mid-Continent petroleum is under 
way. 

2. The “wax” and “asphaltic” portions discussed in 

+the present report are now in “storage,” but some fur- 
ther work on these portions undoubtedly would be 
desirable. 


In connection with the technological and scientific 
applications which may be made of the information 
already gained on the lubricant fraction of petroleum, 
the following points may be considered: 

1. The knowledge obtained will aid and give impetus 
to the industry’s problem of producing, from the lubri- 
cant fraction of petroleum, materials of special proper- 
ties which better can fill the modern requirements aris- 
ing from the need for greater efficiency, higher speeds, 
and more concentrated power, and the use of high pres- 
sures and high and low temperatures. 

2. The results obtained will aid in the problem of pro- 
ducing lubricating and other oils synthetically, because 
the knowledge of what kinds of molecules are in lubri- 
cating oil from petroleum can help decide what mole- 
cules should be synthesized, and because the knowledge 
of the method and extent of separation, and of the 
properties, will be useful in producing “homogeneous” 
synthetic materials and in identifying the constituents. 
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Hydraulic Decoking 
of Coke Chambers 


W. F. COURT 


Shell Petroleum Corporation, 
St. Louis, Missouri 


NEW and improved method of disrupting and 

removing coke from coke chambers on cracking 
and coking units has been developed by Shell Petroleum 
Corporation, and is now in commercial use. 

The method consists of cutting the coke by means of 
high impact-producing water jets. 

The following description pertains to an installation 
and operation of hydraulic decoking equipment now in 
commercial operation on a large continuous Dubbs 
combination cracking and coking unit, known as “Dubbs 
17,” at the Wood River refinery of Shell Petroleum 
Corporation. 

This unit was designed by engineers of Universal Oil 
Products Company in collaboration with engineers of 
Shell Petroleum Corporation. A general view of the 
unit is shown in Figure 1. The unit combines three 
processing operations, and receives as feed 16,500 barrels 
of raw material daily—comprising 8500 barrels of 
topped crude, 2000 barrels of gas oil, and 6000 barrels 
of pressure distillate. It produces 7000 barrels per day 
of 70-octane gasoline (exclusive of the gasoline topped 
off the pressure-distillate portion of the charge) and 
approximately 300 tons of coke per day. 

The primary cracking section consists of two full- 
flashing two-coil selective cracking units. 

The coking section includes a heater of special design 
for heating heavy cracked residuum, four coke cham- 
bers each 13 feet in diameter by 50 feet high, and a 
fractionating column with necessary condensers, etc. 

One of the striking features of the operation of this 
unit is the re-cracking of cracked residuum to gasoline 
and coke. Cracked residuum of approximately 4° API 
gravity is withdrawn from the flash chamber of the 
primary cracking section, and transferred to the bottom 
of the fractionating column on the coking section— 
where it mixes with the heavy re-cycle stock from the 
coke chambers. This material is then withdrawn by 
a hot-oil pump and charged to the Equiflux heater on 
the coking section, entering at a temperature of 760 to 
780° F. It is further heated therein to a temperature of 
925 to 950° F. before entering the coke chambers. These 
chambers operate at a pressure of 125 to 135 pounds 
per square inch. 

At present the four coke chambers on this unit are 
used in a 48-hour cycle, only one at a time being on 
stream. The others are cut in when needed by means 
of switch valves, and in this manner the coking opera- 
tion is carried on continuously. Each chamber is filled 
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| N this process high impact-producing water jets 
are utilized for disrupting the coke bed. A com- 
parison of actual results obtained by cable and 
hydraulic systems revealed a reduction in clean-out 
time of at least 50 percent in favor of the hydraulic 
system—with 67 percent a frequent occurrence. 
| The new system effects large savings in the elimi- | 
nation of cable, cable hooks, clamps, and fastening 
wire. In addition, there is an appreciable saving in 
labor cost—the installation having made possible 
the reduction of the crew from 20 to 11 men 
in one plant. 

The process does not require men to enter the 
chamber at any time, because the jets remove com- 
pletely all coke from the chamber wall—thus one 
of the most hazardous and unhealthful functions of 
a clean-out crew has been eliminated. 

The use of water as a means for disrupting and 
removing coke from a chamber now makes pos- 
sible the use of pumps instead of railroad cars for 
transporting coke to the yard pile, hoppers, or 
screens. Again, with the use of water, there are 
indications that a solution to many of the coke- 
degradation problems will be found. 

This paper was presented at Nineteenth Annual 


Ill., November 18, 1938. 
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| 
Meeting, American Petroleum Institute, Chicago, 





within 10 feet of the top, equivalent to approximately 
150 tons of coke. Two chambers are cleaned every day. 
The average length of runs on the coking section of this 
unit is 30 days, the longest run to date having been 
45 days. A photograph of the coking chambers on this 
unit is shown in Figure 2. 

The conventional cable method formerly was used to 
remove the coke from the coke chambers on this in- 
stallation. This method consisted of suspending layers 
of steel cable laid in spiral form throughout the cham- 
ber. At the end of the operating cycle, which in this 
case was about 9 hours, the chamber was valved off, 
and the pressure released. It was then steamed, and 
cooled with water—after which the cable was pulled 
by means of a hoist, thereby disrupting and removing 
the coke from the chamber. 

The cable method has now been displaced by the 
hydraulic method of decoking, which was developed and 
worked out on 10 x 40-foot coke chambers. 


OPERATION 


In the hydraulic decoking method, the hydraulic 
cutting nozzles are attached to special tools mounted 


N. 











at the end of a hollow stem, to which water is supplied 
from a high-pressure header through a steel-piping 
linkage made flexible by ball-bearing swivel joints. This 
stem is suspended from an overhead structure mounted 
above the chamber, and is lowered and raised within 
the chamber by means of an air hoist. 

The operation of removing the coke comprises essen- 
tially two steps, viz.: 

1. Boring a hole downward through the coke bed. 

2. Cutting and removing the coke from the chamber. 

In the first step a hole approximately 18 inches in di- 
ameter is bored downward through the coke bed by 
means of a revolving cutting head or boring tool which 
derives its power from the reaction of water jets dis- 
charging horizontally. 

The boring operation is made in two steps to save 
excessive height in the overhead structure, and is 
interrupted at a point halfway down through the coke 
bed, in order that the stem may be lengthened suffi- 
ciently to carry the operation completely through the 
bed. The water discharging from the nozzles of the 
boring tool drains readily through the coke bed, and 





in this operation is divided into two sections, a “top sec- 
tion” and a “bottom section.” The “top section,” which 
has two nozzles, is elevated into the chamber first in 
order to make an enlarged opening in the coke bed at 
the bottom of the chamber so that the “bottom section” 
of the assembly can enter. After an enlarged opening 
has been cut at the bottom of the coke bed, the stem is 
lowered and the “bottom section” of the assembly is 
attached to the “top section,” and the complete cutting 
assembly is then raised into the chamber. 

The nozzles in the “top section” direct their jets 
horizontally, and the streams of water penetrate the 
coke bed to the chamber wall. The nozzles are offset 
so that the reaction from the streams of water rotates 
the nozzle assembly, thereby cutting the coke bed into 
layers as the assembly is raised in successive steps by 
the operator. The “bottom section” has two nozzles 
pointing slightly upwards at an angle, and serve to 
cut the coke away from the wall. As the coke is cut 
into layers by the revolving jets, it breaks away and 
falls to the bottom of the chamber. 

The cutting operation is likewise interrupted at a 








FIGURE 1 
General View of Dubbs Unit No. 17, Shell’s Wood River Refinery. 





out of the bottom manway. A photograph of this boring 
tool is shown in Figure 3. 

_ In the second step, the boring tool referred to above 
is removed from the stem at the bottom of the chamber, 
and replaced with a part of the assembly of cutting 
nozzles. The complete cutting assembly of nozzles used 
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point half-way up through the coke bed in order that 
the stem may be shortened sufficiently to carry the 
operation completely through the bed to the top of 
the chamber. 

_ A photograph of the final cutting assembly is shown 
in Figure 4. A photograph of the motor-driven high- 
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General View of the Four 13 x 50-Foot Coking Chambers. 








FIGURE 2 
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pressure pumps used for jetting is shown in Figure 5. 

During the cutting operation the coke and water fall 
through the bottom manway of the chamber directly 
into side-dump railroad cars. The movement of these 
cars is accomplished by means of an electric “car puller” 
controlled from a push-button station at the operating 
platform under the chambers. 

The water draining from the coke cars falls onto 
a concrete floor, and the fine coke it contains is washed 
into trenches. The trenches are provided with flushing 
jets so as to wash the fines into a collecting pit. The 
coke fines accumulating in this pit are continuosly 
withdrawn as a “slurry” by means of a special cen- 








FIGURE 3 
Hydraulic Boring Tool. 





trifugal pump, and re-circulated back into a partly-filled 
or into a full coke car—where the coke bed in the car 
acts as a filter to collect the fines. 

Water from the coke-fines collecting pit passes 
through a screen into another compartment of the pit, 
and is pumped to a settling tank—where a further 
settlement of coke fines is effected. Coke fines accumu- 
lating in this settling tank are likewise re-circulated 
as a slurry to the railroad cars. The clear water from 
the settling tank flows into a surge tank, from which it 
is again pumped by the high-pressure jet pump to the 
cutting nozzles in the chamber. The rate of flow to the 
cutting nozzles is approximately 700 gallons per minute 
under a pressure of 900 to 1000 pounds at the entrance 
of the nozzles. 

A drawing of the four coking chambers on the 
Dubbs combination cracking and coking unit referred 
to above is shown in Figure 6, and illustrates the oper- 
ating steps. In chamber No. 1 the hydraulic boring 
tool is shown just entering the top of the coke bed, 
while in chamber No. 2 it is shown emerging through 
the bottom manway. In chamber No. 3 the “top sec- 
tion” of the final cutting assembly is shown making an 
opening in the coke bed in order to allow the “bottom 
section” of the assembly to enter. In chamber No. 4 is 





shown the complete final cutting assembly as it cuts 
away the coke. 


DEVELOPMENT OF HYDRAULIC 
DECOKING METHOD 


From the foregoing description it will be concluded 
that decoking a chamber by this method is a relatively 
simple operation, requiring a minimum of mechanical 
equipment. The simplicity of design and operating 
technique, however, represents the result of a very 
large amount of development and experimental work. 
The nozzles, for example, presented quite a problem of 
design, inasmuch as such nozzles must produce a jet 
of water having a minimum of “stream spread” at a 
distance of 6 to 8 feet from the nozzle tip in order 
to obtain the necessary impact for maximum coke- 
cutting effect and speed. 

Many nozzles of different designs were constructed 
and tested only to be discarded before a satisfactory 
design was developed. While considerable technical 
data are available on nozzle designs for other services 
and for relatively low pressures, design data covering 
this particular problem were not available. It was 








FIGURE 4 
Hydraulic Cutting Assembly. 





necessary, therefore, to follow the “cut-and-try” method 
in order to develop a satisfactory design. 

While considerable technical data are available on 
nozzle designs for other services and for relatively low 
pressures, design data covering this particular problem 
were not available. It was necessary, therefore, to fol- 
low the “cut-and-try” method in order to develop a 
satisfactory design. 

Many nozzles of different sizes also were tried at 
varying pumping rates and pressures—with the result 
that, after a lengthy period of development work and 
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experimentation, the correct sizes and shapes for the 
most economical pumping rates and pressures were de- 
termined. 

In collaboration with the Worthington Pump and 
Machinery Corporation, the nozzles now used were per- 
fected to a point where satisfactory impact is obtained 
at a distance of 8 feet from the nozzle tip, and at this 
distance the diameter of the effective stream is only 
1% inches. 

Many different designs of cutting tools, nozzle assem- 


The hydraulic method has opened new possibilities 
for reducing greatly the degradation. It also has opened 
up a new method of transporting coke. 

There are also very definite indications that the use 
of railroad cars for receiving and transporting coke to 
the storage yard or screening plant now can be done 
away with entirely. It has been demonstrated by tests 
conducted by The Allen-Sherman-Hoff Company that 
coke and water in the correct ratio can be pumped 
by means of a special centrifugal pump to the coke pile, 








FIGURE 5 
High-Pressure Pumps. 








blies, and sequences of operating steps were tried— 
with the result that the present equipment and practice 
have reached a stage where it is possible to remove 
completely 150 tons of coke from a chamber and have 
it ready for heading up again in less than 2 hours’ 
time. 

The hydraulic method of decoking is applicable to 
the removal of coke of any degree of hardness. 

Sometimes coke is so hard as to present difficulties 
in removal by the cable method. Such coke, however, 
readily is removed by the hydraulic method. 

The percentage of lump- and egg-size coke produced 
by the hydraulic method is comparable with that pro- 
duced by the cable method. 

Experience has shown that degradation, i.e., breakage 
of coke, results mostly from its falling into the chamber 
and from subsequent handling, and bears little relation 
to the method of removal used. 
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into hoppers, or directly to the screening plant. Sur- 
prising as it may seem, little degradation results from 
pumping. The indications are that such a system would 
be cheaper to operate and maintain than the conven- 
tional railroad-car system. 


COMPARISON WITH CABLE METHOD OF 
REMOVING COKE 


The conventional cable-pulling method formerly used 
required the hanging of cable within the chamber be- 
fore coking operations could commence, pulling of the 
cable for disruption of the coke bed following the run, 
sending men into the chamber for removal of coke 
adhering to the chamber wall and, finally, re-hanging 
the cable in preparation for the next run. 

Removal of coke by the hydraulic method revealed 
the following advantages over the cable method: 

1. The clean-out time for the 13 x 50-foot chambers 
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has been reduced at least 50 percent, and complete re- 
moval of the coke from a chamber within 2 hours’ 
time is now a frequent occurrence—the record to date 
being 1 hour and 40 minutes. Any time saved in clean- 
out operations usually is an on-stream time gain. 

2. The clean-out crew, including the men required 
for cleaning piping, etc., has been reduced from 20 to 
11 men. 

3. An important saving has been effected by elimi- 


to which this class of labor was formerly exposed has 
been eliminated. 
GENERAL 

The hydraulic pumps are driven by electric motors 
especially built for the cycle of operations. A standby 
high-pressure pumping unit is provided on the Wood 
River installation. 

Experience to date indicates that the cost of mainte- 
nance of the jetting nozzles is very low. They are 
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NOTE 

CHAMBER NP 1 SHOWS START OF BORING OPERATION 
CHAMBER N? 2 SHOWS BORING OPERATION COMPLETED AND 
TOOL BEING REMOVED 

CHAMBER N? 3 SHOWS FIRST FEW FEET OF COKE BE/NO 
REMOVED WITH UPPER HALF OF ASSEMBLY 
CHAMBER N24 SHOWS OPERATION NEAR COMPLETION 
WITH THE COMPLETE FINAL CUTTING ASSEMBLY 


IN OPERATION 
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FIGURE 6 
Arrangement of Hydraulic Equipment Used for Shell’s Wood River Installation. 


nating the cost of cable, cable clamps, cable hooks, 
fastening wire, etc. 

4. Cable-fastening wire, usually present in coke re- 
moved by the cable method, has been eliminated by 
the hydraulic method—a welcome solution to a market- 
ing problem long sought by those responsible for the 
screening and marketing of petroleum coke. 

5. In the hydraulic decoking method all coke com- 
pletely is removed from the chamber wall by the hy- 
draulic jets; hence, men are not required to scale the 
coke from the wall. 

6. With the hydraulic method it is not necessary for 
the clean-out crew to enter the chamber at any time; 
hence, one of the greatest hazards to health and limb 


equipped with renewable tips which obviate the necessity 
for replacing a complete nozzle when wear occurs. 

Tests have indicated that the cutting action of the 
jets has no effect on the steel walls of the vessels. 

The swivel joints used in the piping linkage between 
the high-pressure header and the stem are standard 
equipment, and the expense for their maintenance to 
date has been negligible. 

The hydraulic method of decoking chambers and the 
hydraulic method of conveying coke away from cham- 
bers are covered by patents and patent applications 
owned by Shell Development Company, Worthington 
Pump and Machinery Corporation, and The Allen- 
Sherman-Hoff Company. 
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Catalytic Processing 


OF PETROLEUM HYDROCARBONS BY THE 


Houdry Process 


HE purpose of this paper is to present a general 
‘ Ageactoton of the present status of the Houdry 
catalytic processes in such detail as properly may be 
released at this time and within the space limitations 
required from a practical standpoint for presentation 
at this meeting. Many specific engineering and tech- 
nical details purposely are omitted to meet these lim- 
iting considerations. 


A. GENERAL FACTS 


The processes listed hereinafter constitute subject 
matter of 96 U. S. patents, not including correspond- 
ing foreign patents and pending U. S. and foreign 
applications (see appendix for listing). 

The processes available under the Houdry Process 
Corporation patents and development may be sum- 
marized as follows: 

1. Catalytic cracking of a crude or any distillate fraction or 
residuum thereof, excepting straight-run gasoline, for the 


production of gasoline, gas oils, furnace oils, with or 

without the production of tar or heavy liquid products. 

2. Catalytic viscosity breaking in liquid phase by which 
residues or tars may be reduced in viscosity to meet fuel 
specifications, without substantial production of gasoline. 

3. Catalytic treatment of gasoline from catalytic or thermal 
cracking. 

a. Liquid-phase catalytic treatment of aviation gasoline 

from catalytic cracking. 

4. Catalytic de-sulfurization of gases from cracking or top- 

ping operations. 

. Catalytic polymerization in liquid phase of butenes. 

6. Production of light-gravity gas oils for furnace-oil re- 
quirements or diesel oils by catalytic cracking, charging 
heavier-gravity gas oils or residuums. 

The above operations were developed by Socony- 
Vacuum Oil Company, Inc., and Sun Oil Company in 
conjunction with Houdry Process Corporation, and 
are controlled by Houdry Process Corporation. Hou- 
dry Process Corporation is owned jointly by Socony- 
Vacuum Oil Company, Inc., Sun Oil Company, and 
Eugene Houdry and his associates. 


wm 


B. EXTENT OF USE 


There are in operation at the present time three 
units: 1, a gas/oil catalytic cracker of 2000-barrel- 
per-day capacity at the Paulsboro refinery of Socony- 
Vacuum Oil Company, Inc.; 2, a 3000-barrel-per-day 
unit in a Socony European refinery ; and 3, a 15,000- 
barrel unit charging residuum at the Sun Oil 
Company’s Marcus Hook refinery. At the present 
time Sun Oil Company has under construction two 
large units, and Socony-Vacuum Oil Company, Inc., 
an additional eight units. Units under construction 
will represent a $24,000,000-investment on the part 
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| ABSTRACT 


‘THE paper indicates the present commercial status 
of the Houdry catalytic processes for petroleum- 
hydro-carbon refining. These processes involve 
complete catalytic operations for production of 
high-octane motor fuels and aviation gasolines by 
cracking of gas oils, residuums, and crude oils 
with or without fuel-oil production. Included also 
are brief descriptions of catalytic liquid-phase vis- 
cosity reduction of tars, polymerization of butenes, 
vapor-phase and liquid-phase catalytic treatment of 
gasoline and aviation fuels, and de-sulfurization of 
gases by catalytic action. Yields and qualities of 
products are given. Types of catalysts used and 
methods of operation are described in general 
terms. Effects from standpoint of conservation and 
economies are discussed. 

This paper was presented at Nineteenth Annual 


Meeting, American Petroleum Institute, Chicago, No- 
vember 18, 1938. 








of Socony-Vacuum Oil Company, Inc., and $11,000,- 
000 by Sun Oil Company. The smallest unit under 
construction charges 10,000 barrels per day to the 
catalyst, and the largest 18,000 barrels per day. Com- 
pletion dates are scheduled for the mid-year of 1939. 
Some of these units are combination units, with 
crude capacities as high as 28,000 barrels per day. 


DESCRIPTION OF PROCESSES 

Cracking 

Of the processes listed previously the most impor- 
tant is the cracking of crudes and fractions or resi- 
dues thereof. 

Figure 1 is a flow sheet showing the general steps 
used in processing a crude oil running to fuel oil, 
with one pass through the catalyst, and with the re- 
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moval of straight-run products optional. The dotted 
line indicates the flow if desired to run to “no resi- 
duum.” As shown in the flow diagram, crude oil is 
pumped through heat exchangers, wherein it is pre- 
heated by the products from the catalytic cases; 
thence to a primary flash fractionating tower, where- 
in the desired straight-run products are fractionated 
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FIGURE 1 


General Flow Diagram, Showing Combination Crude-Topping 
and Catalytic-Cracking Process. 


and removed. The residue from the flash tower is 
pumped through a still, heated to approximately 880° 
F.—depending on stock—thence into a vaporizer. Tar 
bottoms are removed as a liquid, and the vaporized 
fractions of the charge pass to the catalyst chambers. 
From the catalyst chambers the vapors pass through 
the crude-oil exchanger into the final fractionating 


TABLE 1 
Yield By Thermal Cracking of Houdry Gas Oil 











Gravity of Thermal 
Catalytic Gasoline 8-Deg.-API 
Gas Oil Yields Fuel 
(Deg. API) (Percent) (Percent) 
20 50 38 
27 54 34 
34 58 30 














direct to the catalyst. If a residue is to be charged, 
the primary flash fractionating tower is eliminated— 
the charge passing direct to the still, and thence to 
the vaporizer for tar separation. To eliminate fuel 
production, the charge from the still is charged to 
a vaporizer—wherein, through a special catalytic 
mass, the entire charge is vaporized and passed to the 
catalyst. In special cases it is advisable to charge the 
entire crude to the catalyst without removal of 
straight-run products. The flow arrangement for this 
operation is the same as described for residues. Many 
variations in flow are possible, but the above are the 
principal ones. 

In general, the yield of gasoline will be about 45 
percent, based on charge to catalyst, from a single- 
pass operation on any stock, whether gas oil or resi- 
due. The octane number of the gasoline produced 
from any charging stock heavier than gasoline is 
from 77 to 81 for 437-end point gasoline. Octane num- 
bers by the research method will run 7 to 10 points 
above these figures. The octane value does not 
change to any appreciable extent with boiling points 
and these values are obtained regardless of type of 
crude. Lead susceptibilities and blending values are 





FIGURE 2 
Houdry Unit in Plant of Socony-Vacuum Oil Company, Inc.—Night View. 


ower, wherein gasoline, furnace oil, and heavy gas 
oil are separated—the latter two being combined, if 
desired, for re-charge to catalytic- or thermal-crack- 
ing operations. If gas oil is charged, the flash tower 
and the vaporizer are eliminated—the charge being 
oumped through exchangers to the still, and thence 


high. The blending value of Houdry with straight- 
run gasoline is usually 4 to 10 points higher than 
the actual octane number. Unless otherwise noted, 
all references to octane value are on the basis of 
ASTM motor-method rating. 
Catalytically-produced gas oils again can be 
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FIGURE 3 
Sun Oil Company, Marcus Hook Refinery, View of Houdry Unit from Front. 


TABLE 2 
Yields and Product Characteristics by Running Crudes and Residuums to Fuels—One Pass 














36-Deg.-API 
East Texas Grade ‘‘B’’ Coastal Mid-Co ntinent West Texas Mt. Pleasant Lagunillas 
b Topped Topped 
Topped of Topped Topped of 
of Naphtha, { of of Naphtha, 
Straight- | Kerosine,| Topped | Running | Topped | Naphtha| Topped | Naphtha| Topped | Kerosine,| Running 
Type Crude: run and of Entire of and of and of and Entire 
Naphtha ragepee Naphtha Crude Naphtha | Kerosine | Naphtha | Gas Oil | Naphtha/| Gas Oil Crude 
i 
Charge to plant, percent 
pe @icrude........... ‘ 58.5 38.0 75.6 100.0 66.7 52.4 68.5 35.0 62.0 43.3 100 
Sulfur content of charge to 
4 plant, percent.......... 0.45 0.55 0.28 0.17 0.48 0.61 1.9 2.20 0.65 0.66 2.14 
Tar: 
Percent volume of crude 8.0 8.0 6.0 6.0 8.4 8.4 8.7 8.50 2.7 8.3 35.4 
API gravity, deg. a 12.6 12.6 128 12.8 13.3 13.3 7.4 8.5 11.0 14.8 4.2 
Charge to catalyst: 
Percent volume of crude 50.5 30.0 69 .6 94.0 58.3 44.0 59.8 26.5 59.3 35.0 64.6 
API gravity, deg.......- 29.0 23.9 26.8 31.9 30.0 27.7 27.0 20.5 31.5 37.2 25.2 
Initial boiling Point, °F, 452 508 415 120 420 538 430 605 415 574 182 
50-percent point ns eT 690 740 615 560 650 711 685 717 625 712 672 
End point, Pile ca.0 oct 760+ 760+ 760+ 760+ 760+ 760+ 760+ 760+ 760+ 760+ 760+ 
Dry’gas, percent by weight ot 
charge to cata.yst....... 4.5 5.1 0 3.9 4.0 5.4 5.7 3.1 5.6 5.3 3.8 
Catalyst deposit, percent by 
weight of charge to cat- 
QIN. Sc ccce cane ceves 5.3 5.4 4.4 3.4 3.9 3.5 5.5 4.5 5.2 4.9 4.5 
Gasoline: 
Percent by volume of 
charge to catalyst....... 44.) 42.6 47.2 60.6 41.9 44.1 45.3 39.1 40.2 47.0 44.5 
API gravity, dez..... 64.6 61.7 58.9 57.0 63.5 60.8 62.4 59.8 61.1 63.1 61.5 
50-percent point, , 229 250 264 270 251 247 258 253 242 232 254 
90-percent point, °F.... 351 372 390 284 392 366 384 348 385 363 356 
End point, °F.. ‘ 401 412 429 425 440 413 424 397 424 416 396 
Reid vapor pressure, ‘lb. { 
; eg | ears 11.0 10.0 11.0 11.0 11.0 11.0 11.0 10.0 11.0 11.0 10.0 
Sulfur content, percent. . 0.03 0.05 0.02 0.02 0.06 0.06 0.14 0°23 0.03 0.04 0.13 
————- gum, mg. 
per 100 ml............. 7 4 a 4 6 19 4 «Cy 22 6 8 10 
Octane No., ASTM 
motor method. . pee 78.8 78.8 78.6 73.8 76.8 78.4 77.6 81.0 77.0 79.4 71.7 
Catalyst gas oil: 1i 
Percent by volume of 
charge to cata'yst...... 54.4 56.4 49.2 38.8 57.7 54.9 51.7 61.2 55.7 51.3 54.7 
API gravity, deg...... 29.5 26.9 26.0 26.3 30.8 28 .6 26.2 20.2 33.1 26.5 22.7 
Initial boiling point, °F. 404 458 403 405 447 436 438 440 415 462 406 
560-percent point, °F.... 554 566 517 517 546 579 534 664 531 588 534 
Pour point, °F........ +45 +50 —10 —10 +309 +45 +10 +45 +10 +35 —(—60) 
Viscosity (Saybolt Uni- 
versal) at 100 °F., sec... 39 43 36 36 ' 39 42 38 58 36 43 39 
Sulfur content, percent. 0.24 0.31 0.11 0.11 0.20 0.21 1.06 1.04 0.14 0.29 2.17 
Aniline point, °F... .... 134 142 125 127 140 140 134 130 135 124 95.7 
Liquid recovery, percent by , 
te! volume of charge to cat- 
ako hk aoa 6 0 ss 98.4 9.90 96.4 99.4 99 .6 99.0 97.0 100.3 95.9 98.3 99 .2 
$2°-API-gravity furnace oil by 
in catalytic gas oil, per- 
Ne GA we ahd «cp 0/4 42.4 oe Pid Ae QE OA eee: La Wee Meee 9.8 100 13.3 35.6 
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cracked by the catalytic operation; and the yield, 
while lower than obtained on virgin gas oil, is higher, 
pass by pass, than usually is obtained in a thermal 
unit. Catalytically-produced gas oils make excellent 
charging stocks for thermal units. Tests indicate that 
yields by thermal cracking of gas oils produced by 
one-pass catalytic conversion will be at least as high 
as those shown in Table 1. Octane numbers on the 
gasoline produced will be somewhat higher than on 
gasolines produced by thermal cracking of similar 
virgin gas oils. 

Table 2 shows yields and product characteristics 
obtained from different residuum and crude-oil charg- 
ing stocks when run one pass and producing resi- 
duum fuel. 


An outstanding feature of these catalytic operations 
is their ability to produce aviation gasoline. It is be- 
lieved by the authors that the manufacture of avia- 
tion gasoline by this process (7,000,000 gal. in 1937- 
1938) represents the first commercial application of 
a synthetic process for aviation-fuel production. This 
does not refer to synthetic anti-knock components 
such as isooctane and isopropyl ether; as such mate- 











Houdry aviation gasoline will be from 76 to 78 
ASTM octane number clear grade, or approximately 
87, 90, 92 octane number with 1.8 ml., 3 ml., or 4 ml. 
of tetraethyl lead per gallon, respectively. When used 
for blending with isopentane, isooctane, and similar 
anti-knock agents, 100-octane-grade fuel, after lead 
addition, is produced. For example, a typical 100- 
octane, Army-method (96-octane, motor method) 
blend, actually marketed, consists of about 25 per- 
cent isooctane, 75 percent Houdry aviation gasoline, 
and 2.75 ml. of lead. This blend indicates that only 
one-half as much isooctane is required as with natural 
aviation gasoline from selected crude. 

Table 3 shows typical properties of Houdry avia- 
tion gasolines. 


Table 4 shows yields and typical properties of prod- 
ucts from Houdry conversion of gas oils. 


The so-called “no-residuum” operation flow is 
shown by dotted lines in Figure 1, the catalytic 
vaporizer replacing the tar-separator vaporizer. In 
this operation the residual carbon is deposited on the 
catalyst, which is regenerated by burning off the de- 
posited carbon with air. Most of the heat value of 
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FIGURE 4 
Sun Oil Company, Marcus Hook Refinery, View of Houdry Unit from Rear. 


rials are blending agents, and do not constitute in 
themselves complete aviation fuel. Houdry aviation 
g:soline, when sweetened, acid-treated, and re-dis- 
t.led, gaves a product meeting acid-heat specifica- 
tion, and gum and oxidation tests. Houdry catalytic 
treating is applicable for the same purpose. Finished 
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this carbon is recovered—part of this heat being used 
to supply heat of reaction in the conversion operation, 
and part being recovered as steam and power. The 
carbon deposit in the catalytic vaporizer will vary 
from 1.5 percent by weight, obtained when charging 
34.7 percent reduced Lafitte crude, to 7 percent by 
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Houdry Conversion of Gas Oil to Aviation Gasoline—Properties of Products 


TABLE 3 











Stabilized 
Charge Raw Excess 
Stock to Aviation- Heavy Raw Re-cycle Butanes 
Houdry Gasoline Naphtha Motor Gas-Oil and 
Unit Distillate Fraction Gasoline Bottoms Pentanes* 
Approximate yields based on charge, percent by volume. 100.0 22 20 46 53 5 percent on 
aviation 
gasoline and 
ee Go. 5 ies nc.cocaduacesives 29.0 63.0 36.0 53.0 27.0 1 percent on 
motor gasoline 
ASTM Distillation, in °F.: 
Initial boiling a. aweawed 395 105 300 95 418 
5-percent point. . by “* 433 130 316 125 444 
10-percent point...... 450 141 320 142 450 
REESE I aE or 471 154 325 176 460 
ee Pe i ae Veh b isd a6otes a amen aed 488 169 333 205 468 
Ns ELL lh ig hc wnecde ee epebes une 504 185 339 230 480 
50-percent point........... 521 202 346 262 492 
oe Caving Puc nesctee cues 538 215 355 292 505 
I re ada os oa Ss nci.c caves vchame 559 230 364 317 521 
80-percent point. . 585 244 373 344 542 
90-percent point... irae 2 ete oa kop endkdos 84nd 637 263 384 369 581 
End point......... See taT a Markl cart ebh wen seb 685 299 410 402 668 
es od oi duce uv ccé giccen dos ewns a 97.5 98.0 98.5 97.0 98 .0 
rere ak wace be dite cseesse 1.5 1.0 1.0 2.0 2.0 
Loss, percent...... 0.5 1.0 0.5 1.0 0.0 
Cae ie i ets ks cclnade wwe eS Neutral daha Neutral cnt 
I iain wie & 4.6 0:6.0.46.00-9:0.6 30+ 28 
Reid vapor pressure, |b. per sq. in. . 7.0 10.0 
EEG Wc oad be. 6 01660 58 sie wee Negative Negative 
i 68 60 
ee tee oe a awe ata awe sive Pass a 
eee Below—76 - 
Copper-dish gum, mg. per 100 ml................. 1 6 
Copper-dish corrosion........ Pass Pass 
Glass-dish gum, mg. per 100 ml.. 1 
Sulfur, percent by weight....... ; 0.02 0.03 
British Air Ministry existent gum : 1 
British Air Ministry potential gum. . wr 1 ‘ 
Octane No., ASTM motor method. . 77.5 75.0 77.0 
After addition 1 ml. per gal... 84.0 82.5 
of 2 mi. per gal...... 86 .6 84.5 
tetraethyl lead )3 ml. pergal.................... 88.5 86.0 
IS Gn awe ees sc neees es 89.8 


























* The yield of dry gas is 2.5 percent by weight, and catalyst deposit 1.5 percent by weight. In making aviation gasoline, there is an excess of about 5 percent 
by volume of light ends, consisting mainly of butanes and pentanes; but in making motor gasoline of a Reid vapor pressure of 10 pounds per square inch, onlyabont 


1 percent excess is produced. 


TABLE 3—Continued 


Properties of Treated and Catalytically-Converted Aviation Gasolines 

















Typical Commercial Mildly Houdry Houdry 
Untreated Acid-treated | Acid-treated | Vapor-Phase | Liquid-Phase 
Catalytic and and Catalytic- Catalytic- 
Stock Re-run Re-run treated treated 
Yield aviation gasoline, percent of raw stock. ........ 2... 0... eee eee 100 84 94 91.5 6t 
ey cl yoga cwics des caaacsceuess 63.0 63.0 62.8 62.2 62.5 
ASTM Distillation, in °F. : 
Initial boiling point 105 106 108 110 104 
5-percent point... 130 138 136 134 124 
10-percent point 141 146 144 145 148 
20-percent point 154 158 157 159 164 
30-percent point 169 171 170 172 178 
40-percent point 185 186 186 186 188 
50-percent point 202 199 200 198 200 
60-percent point 215 212 213 211 214 
ee Baw ine eb dies oo Nick iees ageiwes 230 224 225 224 220 
80-percent point 244 237 239 238 244 
er sn, hy civcaws sek ee vase esameines 263 257 260 257 254 
End point. 299 310 320 289 290 
eae percent..... 98.0 98.0 98.0 98 .0 97.0 
Residue, percent . 1.0 1.2 1.0 1.0 1.0 
Loss, percent... 1.0 0.8 1.0 1.0 2.0 
Acidity of residue Neutral Neutral Neutral Neutral Neutral 
OS eee 30+ 30+ 28 30+ 30 
Reid vapor pressure, Ib. per sq. aa SS Sv Sa an ea ene 7.0 5.9 5.5 6.6 6.2 
ee Ak da pe acdsee nse sccechassowce es wes Negative Negative Negative Negative Negative 
ee DLT ek kk so vc tie nd sad sce ve wtiseeg ee sie sicqeebe 68 14 48 21 9 
Te a cdupawcvceocvencecdpuss Pass Pass Pass Pass Pass 
ey Ones aad dis bedeK Andes todeeesasseesiensina Below Below Below Below Below 
—T76 —76 —76 —76 —T6 
ih cing davis bv cdinceeseeesbcedencseen 1 1 Below 1 1 
Ne als vgs kates ad coeas vocseyeagepeecee Pass Pass Pass ass Pass 
et skewed iwace div cnececddBieces ade 1 Below 1 Below 1 Below 1 Nil 
Nees, Oo anc cmeWdeveévavedeseswsicécace 0.02 0.01. 0.01 0.0 0.01 
ee Se cae es nebienssebeeewees 1 1 1 1 ¥ 
EO tcc e ccc seeen eee teeecccecces 1 1 1 1 
yU. S. Navy accelerated gum: 
I nats a bg smn ebaccec cece meas Sbesen 2 1 2 1 
ccc tema cece vasescccccsieaee 5 1 _* eo 
a a a 77.5 78.0 77.7 79 .2 77.4 
After addition a eS ole eit wadew dese ce'ece soci 84.0 85.0 84.6 86.0 84.7 
of Tat see aie sacle Wide A9 016 4.0 din 4 as sece 86.6 88 .2 87.8 88 .6 87.2 
tetraethyl lead EE EE ee ere enna 88.5 90.7 90.0 90.0 88.8 























tOld Navy test was for 4 hours at 212°F., under 100 lb. initial oxygen pressure before heating; new test is similar, but for 5 hours, and in the presence of an 


iron strip. 


{There is produced, in addition to the 86 percent of aviation gasoline, 5 percent of 77.9-octane 414 °F. EP naphtha, and 8 percent of 29.8-deg.-API-gravity gas 


” *This sample showed only 2 mg. per 100 ml. of gum after 8 hours, aging in bomb without iron strip. 
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TABLE 4 
Yield and Product Characteristics by Running Gas Oils—One Pass 











_ 
» West Texas— 
Mid-Continent New Mexico East Texas Coastal 
TYPE CRUDE Gas Oil Gas Oil Gas Oil Gas Oil 
Sulfur content of charge to plant, percent............. ccc cee cece cece cee eee 0.22 0.81 0.16 0.04 
Charge to catalyst: 
BEE OTE CO COLE T EE ORS COPEL EL) FLEE RAS REO LE 37.8 30.4 34.5 30.0 
I Fo Joona kc hia ire a ween and eRe apa eee oe ate a ed 416 440 420 406 
I oof iss a 3.dE 4 bite araiain sods MMO TR Oh Ae hee 536 554 574 494 
sia aaah de «<5 aia hia hile p oi Win 61d 5c 0K -ples nb. al S pak cde 656 683 750 602 
Dry gas, percent by weight of charge to catalyst................-....02005- 4.3 5.2 6.1 4.9 
Catalyst deposit, percent by weight of charge to catalyst................... 3.3 4.0 3.2 1.0 
Gasoline: 
Percent by volume of charge to catalyst............... 000 c cece ee eees 4.47 41.0 44.4 50.3 
EIS» Sir gd CORA SES SP RT NRE RRS cane xe 64.4 60.8 62.7 56.8 
I aaa Ra ali Ac elu ks cele W siarelaiepediog accisle MGR Jame 233 230 242 260 
I SITE aiid 54-5. 6 Phin! Meal S aah 0056 & otk eh 410 Came eo ENESCO TEES 346 354 362 382 
II PE ee oddone bt at lek SU gait Seal naghaalg wine wim Sid Riamaiaiae PSA OTR a were 398 404 402 410 
NC oii ace ac d.sid 4b dade ca Warcee auimeeu nen 13.0 10.0 11.0 11.0 
I oe i cls nak o.5.0 cd Beare gre ene.c Some les eee alewh 0.02 0.07 0.02 0.01 
Ce I I ons. ose dios ore wedi .e pind olbisieerniew nies 3 9 4 4 
CE is HUE PT SII 6 oo i5k ccc uh ccwlebvaiicceaecmesea 79 .2 719 .3 17.0 80.8 
Catalytic gas oil: 
Percent by volume of charge to catalyst. ................ 20. cece eee 53.0 55.3 51.9 49.9 
a a oe a he I SS gilded Grad -$) saw AY acm oO LOS 35.2 27.4 31.0 26.6 
I UNS Sco. ods tele 65 cae Cb eeeles ce aGeane Mutu e Case 409 419 468 414 
I ag Gi6ds a0, aces 0d os BIG aiomm 9 bsp bbw Wd weapon alan vaeees 510 516 550 480 
I Slr SPELL i iiet ae «0. rip sha ss ee Syoa pele MMEER Couple De +5 —(—60) +15 —(—60) 
Viscosity Gaybolt Universal) at 100 °F ., sec... .. 1.6... c ccc ccc ewees 36 37 36 34 
REET ee OT Coe ee 0.07 0.80 0.10 0.10 
I, FS 5 0b 9 G04 ola oH Oer rae hho cou outiaces spaehad 148 116 142 74 
Liquid recovery, percent by volume of charge to catalyst................... 97.7 96.3 96.3 100 .2 
32°-API-gravity furnace oil in catalytic gas oil, per cemt.................... 100 40.2 90 ben a 




















weight when charging a 17.3-deg.-API Venezuela 
(Lagunillas) crude. The vapors leaving the catalytic 
vaporizer and entering the catalytic-cracking units 
represent 99.4 percent by liquid volume of the charge 
to the vaporizer on the Lafitte charge, and 94.6 per- 
cent on the Lagunillas. The combined catalytic oper- 
ation of vaporization and cracking is noteworthy on 
account of the high liquid recovery, low coke make, 
substantial absence of low-grade naphtha on the 
vaporizing side, and practically complete volumetric 
conversion of the heavy components of the charge 
to cracking catalyst into gasoline and gas oils. Table 
5 shows yields and general tests from runs by this 
method. 





Table 6 shows results obtained by re-cycling. 
Attention is called to the important appreciation of 

final products obtainable by the Houdry Process Cor- 

poration process as compared to thermal processes. 

The outstanding advantages of the Houdry process 

are; 

1. High yield of high-octane gasoline in one pass. 

2. Production of light-gravity low-boiling-point gas oil as 
cycle stock or as furnace oil in place of fuel oil. 

3. Low gas yields. 

4. High liquid recovery. 

5. Flexibility in meeting seasonal variation in demand of 
furnace oil, fuel oil, and gasoline. 

6. Availability of the process as a source of aviation gaso- 
lines without change in equipment. 

7. In general, the authors desire to emphasize that: 
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TABLE 5 
Yield and Product Characteristics by Running Crudes—No Residuum 
Mid Continent West Texas— 
17.5 Percent Lagunillas New Mexico 
TYPE CRUDE Crude Bottoms 100 Percent 35 Percent Bottoms 
I , NUE I ag a. pos: 86:5.56 bs Ai owe Binded SHEER KS Oa NES 17.5 100 35 
sulfur contest of charges to plant, percent... .... 5... ccc cchesscescecccses 0.77 2.14 2.20 
' 4 
Charge to catalyst: 
ee CTE COP POET, OF ICT TT COT POL PETE Te 17.5 100.0 35.0 
aa io nooo ss ba gE Aa ble oo Sohne AN TERS HORN RS AOSD 17.8 17.3 ee 
I, Wi sue 6. 5:5 wierd ws sicecils 0.0.6 wanda ea aie Kheele e's.» ates 550 160 576 
Re od ice 6. 5 cw sh nadicgivadhodee 6d scm ina aoe, slimhetineee bh ocb ee slaty seb h.6n858 760+ 760+ 731+ 
i ee errr tt Cer ere tree Tees oF 760+ 760+ 760+ 
Dry gas, percent by weight of charge to catalyst...................0.000000- 5.0 4.3 3.9 
Catalyst deposit, percent by weight of charge to catalyst.................... 13.8 11.9 7.8 
Gasoline: 
Percent by volume of charge to catalyst 47.7 44.9 39.4 
poy tS eee re ee eee 60.3 58.2 59.2 
50-Percent point, °F 243 266 267 
90-percent point, °F 347 388 355 
MES 901. Gia rates aan nwk.< <i. oo 545W8 abitne wsbeip slain.o bis. sislsiiilhe go 399 414 388 
Se PE DOGNNINO, 10. DOT OE 8D. os. os 8 aig cc kb pet sh oinc ce cess ocede 12.0 11.0 10.0 
NID, SOOM iy Wino -d-ar0-0-5 6'e a. 0 deb 010-0-0'tig OW 'b99 08 9.04.00 Howe UNE 0.11 0.20 0.21 
I MONE UND Mg... cic als Dc dad 60s o0 sbaince ean sesieds 30 65 16 
A OS Sree or err ee ee 79.1 78.6 79.8 
Catalytic gas oil: 
Percent by volume of charge to catalyst... 1.2... 60. c ccc cc ccc eee eens 46.1 50.0 58.8 
Ee eee ee ee eee 24.4 21.5 20 .2 
SI, Ia ig 6 Jo Sona Sp cbs d's sla sdle cde oh cpie bb eden ile Regiczeie bs 423 432 424 
CM NN Tro 5 abot bis cbs ote ne cedie's oe so eihine sada cons sacieeeses 576 574 654 
pO iy CR RS ee ee eee PE ee +40 —35 +45 
Viscosity (Saybolt Universal) at 100 °F., sec... .......... 0.0. eee eee 42 43 56 
Se I IN Sag oc ainsi a bis 0 5.che ok cs Sistips Fie Ot 0158s vise nisials eel bs 0.40 1.41 1.47 
ie SE en errr errs mes OU rar wee PTET ore oc 118 104 135 
Liquid recovery, percent by volume of charge to catalyst.................... 93.8 94.9 98.2 
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TABLE 6 
Yield and Product Characteristics Obtained By Re-Cycling 





















































Mid Continent 38-92 Per Cent 
Mid Continent Gas Oil, 37.8 °API 17.5 Percent Bottoms Cut East Texas Crude 
Virgin | Second | Third | Residual | Virgin | Second | Third | Residual | Virgin | Second | Residual 
Charging Stock Stock Pass Pass Gas Oil | Stock Pass Pass Gas Oil | Stock Pass Gas Oil 
Charge, percent of virgin stock............... 100 53.0 35.3 25.2 100 46.1 33.8 26.0 100 53.9 32.7 
REESE SEES ee ere 37.8 35 .2 33.7 32.4 17.8 24.4 22.8 21.2 27.5 29.4 22.3 
Initial boiling point, °F.................. 416 409 432 420 550 423 422 426 440 448 440 
Ee OR rere 536 510 506 498 760+ 576 555 532 680 576 585 
I “Mevecc cc cies cteacecses 586 566 560 554 760+ 745 712 676 760+ 710 702 
ans 5s ago oeia'd aid wie. ge 656 656 660 683 760+ 760+ 760+ 760+ 760+ 760+ 760+ 
RS ee Ten gy nhc cbse ee dea ta 179 148 134 125 eras 118 100 90 one§ 148 124 
Cumulative yield of gasoline, percent by volume 44.7 59.5 67 .2 Pane pe 47.7 54.0 62.9 ste 45.5 62.3 
a. Heavy fuel oils are eliminated—the Houdry finished The vapor-phase operation produces—with no loss 


— consisting entirely of gas, gasoline, and gas of octane number—a gasoline unusually low in gum, 
oils. com aa - cael 7 ‘ 
b. Type of crude substantially has no effect on yield or sweet to the doctor test, of high stability, low in sul 
octane number of gasoline produced by the catalytic fur content, and with excellent color and odor. Cata- 
cracking. lytic untreated gasoline has a low gum content, in- 
c. On all crudes so far tested, sulfur content of gasoline duction periods of 10 hours or more, a low sulfur 


produced by catalytic cracking and treating is below content and, in most instances, its color is sufficient- 


0.1 t. ; : : 
eo ly good to permit of dyeing. The untreated gasoline 
Treating will not pass the doctor or corrosion test; but, after 
Houdry Process Corporation has available two ? caustic-soda wash, will pass the corrosion test. 
treating operations. One is a vapor-phase catalytic The untreated catalytic gasoline of 424 end point, 


process for treating catalytic or thermal gasoline; from 68.5 percent reduced West Texas crude, has a 
the other is a liquid-phase catalytic process for treat- sulfur content of only 0.14 percent; whereas 300-end 
ing catalytic aviation gasoline. point untreated straight-run gasoline from the same 


TABLE 7 
Yields and Inspection of Gasolines Treated By Catalytic Process 

























































































East Texas West Texas 
Houdry Houdry Houdry Houdry Houdry 
Cracked Cracked Cracked Cracked | Cracked 
Gasoline | Gasoline Thermally- | Gasoline Gasoline | Gasoline Thermally- 
from 62 | from 62 reformed | from 62 from 68.5 | from 68.5 reformed 
Percent | Percent | Straight-| Straight- Percent | Straight-| Percent | Percent |Straight-| Straight- |Straight- 
Components of Raw Bottoms | Bottoms run run Bottoms run Bottoms | Bottoms run run run 
Gasoline of Crude | of Crude | Gasoline | Naphtha | of Crude | Gasoline | of Crude | of Crude | Gasoline | Naphtha | Gasoline 
Percent of Components. . 100.0 44.0 31.7 24.3 41.0 59 0 100.0 51.0 26.5 22.5 100 
Treating yield: 
Gas, percent by weight 
SSS 0.4 0.8 0.5 0.30 0.3 0.5 
Catalyst deposit, per- 
cent by weight of 
NS bide ows cee 0.2 0.3 0.3 0.45 0.3 0.5 
Polymers, percent by 
volume of charge.... 0.2 0.1 0.6 0.25 0.1 0.3 
Treated gasoline, oo 
cent by volume o 
I ail 8 of ves wa ins 6 99.2 98.8 98 .6 99.0 99.3 98.7 
Inspection of gasoline 
(ASTM) distillation) : 
Gravity, °API........ 60.6 59.1 58.4 56.5 58.5 58.2 
Initial boiling point, °F. 94 90 106 84 94 95 
60-percent point, °F... . 232 238 256 256 238 268 
End point, °F........ 382 417 402 422 371 391 
Recovery, percent..... 97 97 97 96 97 97 
Residue, percent...... 1.2 1.0 1.2 0.4 1.4 0.8 
Raw Treated Raw Treated Raw Treated Raw Treated Raw Treated Raw Treated 
Silica-dish gum, mg. per 
es 0 0 2 1 0 1 1 1 1 1 6 0 
Copper-dish gum, mg. per ; 
eS Se eae 3 3 15 4 5 5 13 5 11 6 8 1 ] 
Sulfur content, percent... 0.02 0.01 0.04 0.02 0.04 0.02 0.15 0.08 0.11 0.06 0.19 0.06 
SEAR Sour Sweet Sour Sweet Sour Sweet Sour Sweet Sour Sweet Sour Sweet 
Copper-strip test........ Tarnished OK Tarnished OK Tarnished OK Tarnished OK Tarnished OK | Tarnished OK ( 
Oxygen-bomb induction 
period, hours.......... 10+ 10+ 10+ 10+ 10+ 10+ ' 
Lead susceptibility: 
Octane No., ASTM mo- 
tor method, with no 
tetraethyl lead....... 78.0 77.8 71.1 71.4 66.5 66.9 76.6 77.0 74.2 74.0 63.3 63 .8 
After addition of tet- ; 
raethyl lead: 
4 mi. per gal....... 80.9 80.8 75.0 76 .2 71.0 70.7 79.0 79 .6 77.8 17.9 65 .6 68.8 
1 ml. per gal....... 82.7 82.2 78.2 79.1 74.4 74.0 80 .2 81.1 78.8 79 .0 68.3 71.2 ( 
2 mi. per gal... 84.1 84.3 80.8 82.0 78.9 78.4 81.4 82.3 81.0 81.2 aR ae ( 
85.1 85.3 82.3 82.8 80.9 80.3 82.3 83.4 82.0 82.4 74.3 79 .2 
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crude has a sulfur content of 0.18 percent. The vapor- 
phase treatment completely removes mercaptans and 
hydrogen sulfide and at least 30 percent of the origi- 
nal total sulfur. The vapor-phase operation may be 
used effectively on thermally-cracked gasolines. 
Operating costs vary from 2.5 to 4.5 cents per barrel 
charged, and the yield is normally in excess of 99 
percent from catalytic gasoline. Two plants with 
charging capacity of 22,000 barrels each per day are 
being erected. A 1500-barrel-per-day unit has been 
operated successfully for one year on catalytic gaso- 
lines from various charging stocks, including heavy 
distillates of Iraq crude. 


The process consists of passing the vaporized gaso- 
line at a temperature of about 600° F. and at pres- 
sures of from 15 to 100 pounds per square inch, gage, 
over a molded solid catalyst of acid-treated clays con- 
taining oxides of the heavy metals, manganese, and 
nickel. The catalyst is regenerated in place as re- 
quired, usual operating periods being from 4 to 6 
hours; two cases are used, thus giving a continuous 
operation. The quality of products obtained by cata- 
lytic vapor-phase treatment is shown in Table 7. 

Liquid-phase treatment of aviation gasoline by 
catalysts results in a product having acid-heat num- 
bers of approximately 10, bromine numbers of 3 or 
lower, and other characteristics such as sulfur, gum, 
stability, etc., meeting all requirements. Some results 
of this operation are shown in Table 3. Exceptionally- 
high blending characteristics are obtained with iso- 
octane and lead, as mentioned previously. 


De-sulfurization 


Catalytic de-sulfurization is available for the sub- 
stantially complete removal of sulfur from refinery 
gases. The process requires a higher capital invest- 
ment than some others when sulfur content is below 
1500 grains per 100 cubic feet, but has comparable 
operating costs. For higher sulfur contents, or when 
complete removal is required, the authors believe it 
offers more advantages than any competing process, 
inasmuch as the costs and the operation practically 
are independent of the sulfur content of the gas. In 
general, the operation consists of heating the sulfur- 
bearing gas to temperatures of about 750° F. at any 
convenient pressure, passing the heated gas over sup- 
ported nickel oxide for a period of 30 minutes or 














TABLE 8 
Typical Houdry Process Polymer Yields and Products 
Polymerization, 
Composition of Charging Stock, Mol Percent Mol Percent of 








| Total Butylenes 

Isobutylenes | nButylene Butanes | Cs+ (No Re-cycling) 
5.4 16.6 78.0 0.0 55 
9.2 18.8 71.0 1.0 57 
15.0 25.2 59.8 0.0 62 
18.9 24.6 56.5 0.0 72 

















TYPICAL OPERATING YIELDS 

















Weight Balance Liquid Balance 
Mg Charge | Product Charge | Product 
toc 
(Mol (Percent by Weight | (Percent by Volume 
Percent) of Charge) of Charge) 
Butylenes....... 28.0 27.7 11.8 26.9 11.5 
Butames.......:. 71.0 70.8 70.8 71.8 71.8 
Pentanes+ ...... 1.0 1.5 17.4 1.3 13.3* 
Catalyst deposit. . nae ey 0.02 ‘ Bae 
100. 100. 100. 100. 96.6 

















* Yield of polymers (Cg and heavier) on unsaturates transformed is 99.9 
percent by weight. 











PRODUCTS 

Polymer Aviation Gas-Oil 

Gasoline Cut Cut 
Percent of total polymers.......... 88.5 45.5 11.5 
GS I. 6 ha i ncsicu be vate ead 56.4 61.8 38.5 

ASTM Distillation, in °F.: 

Initial boiling point............... 216 210 440 
oS eee errr 234 220 460 
LO-pareent POIme. ... .. 2s sweets 224 222 467 
50-percent point. ..........:...< 296 227 500 
SO-TOONE HOME... ie Sea ws 362 233 622 
Seremens OMG. oo. ok ee cf cae. 376 238 632 
a SE een Rae Woper ga Aki 402 263 656 
Recovery, percent... . 0.5.5 6065 siv 97 98 98.0 
eat tk 5). otis ole aly ob umaee teens 30 30 
Ios 5 as Go vac we ks cma Sweet Sweet 
CN WON is ones cee es eee oO OK 
Sulfur content, percent...:......:. 0.01 0.005 
Silica-dish gum, mg. per 100 ml..... 0.0 0.0 
Copper-dish gum, mg. per 100 ml... . 1.0 1.0 
Reid vapor pressure, lb. per sq. in... . 1 ‘ag 
Octane No., ASTM motor method. . 84.7 84.7 

















BLENDING VALUE OF POLYMER GASOLINE 
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TABLE 9 
Viscosity-Breaking Heavy-Crude Residuals 
(1) (2) 
West 55 Percent 
Texas— Grade “‘B”’ 
New Coastal and 
Mexico 45 Percent 
SOURCE: Crude East Texas 
Residue charge: 
PURI 2 ss 5. ccs co anae nae ae an's 8.5 8.1 
UO, ee ease 8.5 12.6 
Viscosity (Saybolt Universal) at 210 °F., sec. oe 734 
| a nr re Pes 0.3 0.01 
Gas oil:* 
PORARN o. Sakcksce die acne coe 3 5 
oo ae |, ee errs ee ey ee 20 .2 25.7 
Viscosity (Saybolt Universal) at 100 °F., sec. 58 68 
Fuel-oil product: 
GREE i fo cssne jf alink oe) Se ade dencleas 11.6 14.5 
Viscosity (Saybolt Universal) at 122 °F., sec. 145 159 
or Ree Tree +30 +25 
Flash point (Pensky-Martens), °F.......... 150 154 
SommGy MONI. 655k i205 cics Caen sees 5 0.4 10.08 
Volume percent on residue charge.......... 98.5 102 
Naphtha, volume percent on residue charge. . . 1.0 2.1 
Gas, weight percent on residue charge......... 3.5 1.5 
atalyst deposit, weight percent on residue 
WA hcg phd ss du adie Cae 52 LPR aN OS-co% 1.8 0.4 














* Gas oil used for washing-in process and appearing in final product. 
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Straight-run A-5 Refer- 
Gasoline ence Fuel ASTM 
Polymer (60.2 Octane | (40.3 Octane Octane Octane No. 
Gasoline No.) No. No. of Blending 
(Percent) (Percent) (Percent) Blend Value 
10 90 an 64.7 105 
20 80 ‘0 69 .6 107 
40 60 af 78 .6 106 
10 5 90 49 .8 136 
20 5 80 58.8 133 
40 5 60 72.2 120 




















more, interrupting the flow, and regenerating under 
such conditions as to minimize the formation of 
nickel sulfate. 

When coke-oven gas containing 400 grains of 
hydrogen sulfide and 45 grains of carbon disulfide 
was processed, 96.5 percent of the carbon disulfide 
was removed, and simultaneously the hydrogen sul- 
fide was reduced to less than 1 grain per 100 cubic 
feet. No commercial units as yet have been installed 
in the United States, but a pilot plant has been 
operated. 


Catalytic Polymerization 


Houdry Process Corporation has developed a selec- 
tive liquid-phase catalytic-polymerization process 
whereby the butanes are polymerized into a product 
consisting of C,, C,,, and gas oil. The motor gasoline 
has a gravity of 57 deg. API, an octane rating of 84 
to 85, and a blending value as high as 136. 

The operation consists, briefly, of pumping the 
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saturates amounts to $32,000, with an additional 
$30,000 if fractionation of polymer is required. Yields 
of polymer are from 55 to 72 percent by weight of 
unsaturates in one pass. Higher yields can be ob- 
tained by re-cycling. The polymer is an excellent base 
stock for hydrogenation to isooctane. 

(Continued on page 619) 


reflux from the butane tower of a stabilization recov- 
ery plant through a catalyst as a liquid, then frac- 
tionating out the polymer or returning it to the stabil- 
ization plant. Table 8 shows results obtained by this 
operation. Investment cost of a plant processing 2000 
barrels of C, material containing 35 percent C, un- 





FIGURE 5 
Turbo Compressor Generator Set in Houdry Unit at Sun Oil Company’s Marcus Hook Refinery. 
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UNITED STATES PATENTS OF HOUDRY PROCESS CORPORATION | 
Patent No. Date Inventor Patent No, Date Inventor 
1,640,668 August 30, 1927 E. A. Prudhomme 1,992,307 February 26, 1935 E. J. Houdry 
1,674,796 June 26. 1928 E. A. Prudhomme 1,992,946 March 5, 1935 J. W. Harrison 
1,683,288 September 4, 1928 F. W. Eley 2,000,960 May 14, 1935 A. Joseph ] 
1,711,855 May 7, 1929 E. A. Prudhomme 2,031,591 February 25, 1936 J. P. Daugherty, Jr. 
1,711,856 May 7, 1929 E. A. Prudhomme 2,031,600 February 25, 1936 J. W. Harrison, et al. ] 
1,737,171 November 26, 1929 R. M. Parsons 2,033,953 March 17, 1936 T. B. Prickett, et al. 
1,758,796 May 13, 1930 A. Joseph 2,035,467 March 31, 1936 W. F. Faragher, et al. 
1,760,522 May 27, 1930 E. A. Prudhomme 2,035,478 March 31, 1936 E. J. Houdry I 
1,769,788 July 1, 1930 Ww. G. Leamon 2,042,468 June 2, 1936 E. J. Houdry 
1.769.789 July 1, 1930 ww G. Leamon 2,042,469 June 2, 1936 A. Joseph t 
1,769,790 July 1, 1930 W. G. Leamon 2,045,596 June 30, 1936 R. H. Hammell 
1,769,791 July 1, 1930 W. G. Leamon 2,045,600 June 30, 1936 E. J. Houdry, et al. S 
1.769,792 July 1, 1930 W. G. Leamon 2,047,223 July 14, 1936 T. B. Prickett i 
1,769,793 July 1, 1930 W. G. Leamon 2,059,255 November 3, 1936 R. C. Lassiat 
1,769,794 July 1, 1930 Ww. G. Leamon 2,062,333 December 1, 1936 T. B. Prickett Ss 
1,769,795 July 1, 1930 W. G. Leamon 2,072,108 March 2, 1937 E. J. Houdry t! 
1,775,366 September 9, 1930 A. Joseph 2,073,638 March 16, 1937 E. J. Houdry ‘i 
1,780,159 November 4, 1930 A. Joseph 2,073,650 March 16, 1937 T. B. Prickett 1] 
1,780,536 November 4, 1930 E. A. Prudhomme 2,078,247 April 27, 1937 E. J. Houdry 
1,806,997 May 26, 1931 A. Joseph 2,078,945 May 4, 1937 E. J. Houdry € 
1,807,534 May 26, 1931 A. Joseph 2,078,946 May 4, 1937 E. J. Houdry is 
1,815,846 July 21, 1931 A. Joseph 2,078,947 May 4, 1937 E. J. Houdry, et al. . 
1,818,403 August 11, 1931 A. Joseph 2,078,948 May 4, 1937 E. J. Houdry p 
1,822,293 September 8, 1931 A. Joseph 2,078,949 May 4, 1937 E. J. Houdry C 
1,828,146 October 20, 1931 A. Joseph 2,078,950 May 4, 1937 E. J. Houdry, et al. 
1,832,217 November 17, 1931 A. Joseph 2,078,951 May 4, 1937 E. J. Houdry ti 
1,837,963 December 22. 1931 E. Houdry 2,079,630 May 11, 1937 T. B. Prickett, et al 
1,837,971 December 22, 1931 A. Joseph 2,082,801 June 8, 1937 E. J. Houdry e1 
1,861,399 May 31, 1932 W. G. Leamon 2,084,357 June 22, 1937 T. B. Prickett W 
1,867,841 July 19, 1932 A. Joseph 2,087,268 July 20, 1937 H. W. Sheldon 
1,867,842 July 19, 1932 A. Joseph 2,092,017 September 7, 1937 T. B. Prickett b; 
1,879,635 September 27, 1932 A, J. Ostrander 2,094,601 October 5, 1937 E. J. Houdry Vv 
1,879,750 September 27, 1932 A. Joseph 2,095,264 October 12, 1937 A. E. Pew, Jr. ve 
1,933,020 October 31, 1933 W. G. Leamon 2,095,265 October 12, 1937 J. H. Pew 1S 
1,957,648 May 8, 1934 E. Houdry 2,095,266 October 12, 1937 T. B. Prickett, et al. . 
1,957,649 May 8, 1934 E. Houdry 2,095,972 October 19, 1937 W. F. Faragher t 
1,957,652 May 8, 1934 A. Joseph 2,102,644 December 21, 1937 T. B. Prickett a 
1,987,636 January 15, 1935 T. B. Prickett, et al. 2,108,069 February 15, 1938 R. C. Lassiat s 
1,987,903 January 15, 1935 E. J. Houdry 2,108,076 February 15, 1938 T. B. Prickett 1n 
1,987,904 January 15, 1935 E. J. Houdry 2,108,081 February 15, 1938 H. A. Shabaker, et al. ti 
1,987,905 January 15, 1935 E. J. Houdry 2,108,087 February 15, 1938 Cc. H, Thayer L 
1,987,911 January 15, 1935 T. B. Prickett 2,114,303 April 19, 1938 E. J. Houdry p1 
1,887,933 January 15, 1935 J. W. Harrison 2,114,312 April 19, 1238 R. M. Parsons 
iSeries January 15, 1935 J. W. Harrison, et al. 2,115,714 May 3, 1938 E. J. Houdry, et al. 
1,989,692 February 5, 1935 E. J. Houdry 2,121,046 June 21, 1938 A. E. Pew, Jr. 
1,989,927 February 5, 1935 E. J. Houdry 2,126,400 August 9, 1938 W. G. Leamon — 
1,989,934 February 5, 1935 R. C. Lassiat 2,127,529 August 23, 1938 T. B. Prickett ' 
1,989,935 February 5, 1935 R. C. Lassiat 2,129,693 September 13, 1938 E. J. Houdry de 

ob: 
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The Determination of Yield Per Pass, ‘Time 
of Treatment, and In Situ Density, and 


Instrumentality for Their Control in 


Commercial Cracking Units 


HEN the development of mechanical equipment 

permitted the cracking art to advance from the 
shell still to the heating of the stock in continuous coils, 
it was appreciated quickly that the problems of control 
had become increased greatly. In order to obtain some 
indication of the temperatures and pressures that would 
give the most suitable conditions for cracking a given 
charging stock, the method of withdrawing samples of 
the stream and analyzing them was resorted to quite 
early in the development of continuous-cracking coils. 
Relatively small changes of temperature and pressure 
in such flow systems were observed to lead to decided 
differences in the composition of the withdrawn sam- 
ples, and it soon was recognized that for each stock 
there exists an optimum temperature and pressure of 
treatment for a given rate of charge. The sensitivity 
of the stock to variations in treatment, and the inade- 
quacy of sampling the stream as a guide to the operator 
in controlling his unit, led Dean’ to express the hope 
of a development that would inform the operator as 
to what actually is taking place in the heating coil, and 
he expresses it very well in the following statement: 
“The distillation test is a reliable check upon oper- 
ating conditions, but consumes just enough time to make 
the information it supplies history instead of news. 
It is desirable to know what the furnace is doing at a 
particular moment, rather than what it was doing one 
half or three quarters of an hour before.” 


On the other hand, facts disclosed by early experi- 
menters using the so-called static method, regarding 
the effect of subjecting different types of charging 
stock to different conditions of time and temperature 
in bombs, led to the appreciation of the fact that each 
stock has its optimum time-temperature treatment. In 
the literature and patents dealing with the art of crack- 
ing, one will encounter frequently statements to the 
effect that it is well known that the cracking reaction 
is a function of both time and temperature. In the few 
published cases in which attempts have been made to 
correlate operating data in flow systems with time of 
treatment, elaborate assumptions are introduced to 
enable the time to be computed from the analyses of 
withdrawn samples. Inasmuch as these assumptions are 
based on fragmentary information about the pressure- 
volume-temperature relations of the synthetic crude, it 
is not surprising to find the admission made that a 
time value so calculated easily might be extremely in- 
accurate.” It is clear that without a method for measur- 
ing time directly, the recognition of the existence of 
time-temperature relationships is of small assistance in 
practical operation. 

The particular development disclosed in this paper 


*The term in situ is used in this paper to distinguish the directly- 
determined density of the fluid in its flowing condition from the density 
obtained by any indirect means such as sampling. 
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ABSTRACT 


‘[ HE time of treatment in cracking is determined 
from measurements of density in situ* of the 
fluid in the conversion section. The density is deter- 
mined from the known weight rate of furnace 
charge and the differential head developed at ad- 
justable orifices installed in the path of flow. Tests 
conducted on commercial cracking units have pro- 
vided data permitting the empirical correlation of 
time, temperature, stock characteristics, and yield 
per pass. On the basis of this correlation, instru- 
ments have been developed for the continuous con- 
trol of the cracking operation. The tests showed 
further that the density at the outlet of the conver- 
sion section is an index of the total heat in the 
synthetic crude, and that this heat can be varied 
over wide limits while maintaining a desired yield 
per pass. 

This paper was presented at Nineteenth Annual 
Meeting, American Petroleum Institute, Chicago, 
November 18, 1938. 











concerns a method and apparatus supplying “news” to 
the operator in the control of the rate and degree of 
conversion, by means of a continuous indication of 
time of treatment—which indication he can correlate 
with temperature and charging-stock characteristics in 
a cracking process. The magnitude and acuteness of this 
problem were not felt so keenly in the early stages of 
the development of continuous-cracking equipment ; for 
each cracking unit was supplied with auxiliary apparatus 
to effect the separation and distillation of the synthetic 
crude into the desired products, and the rate of pro- 
duction of each of those products resulting from 
cracking could be measured. This measure of end 
products of a given unit served as a guide in arriving 
at the temperature-pressure relationship most suitable 
for cracking a given charging stock at a particular 
rate of charge. Today the industry has advanced from 
the cracking unit capable of processing from 1000 bar- 
rels to 3000 barrels per day of charging stock (which 
previously had been distilled to more or less definite 
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specification) to “combination units” in which the crude 
entering the refinery is distilled by means of heat ex- 
change and processed at a rate ranging from 3000 bar- 
rels to 30,000 barrels of crude per day. In the combina- 
tion units different cuts of the virgin crude are mixed 
with re-cycle stocks, and treated in from one to six sepa- 
rate coils, according to the size of the unit. The synthetic 
crudes resulting from cracking in the different coils are 
discharged into a common vapor-separating and dis- 
tillation equipment. The necessity of knowing what is 
taking place in the individual coils has been increased 
greatly when the charging stocks of varying character- 
istics are to be given independently their optimum time- 
temperature treatments. It is obvious that, when the 
synthetic crudes are combined in a single-distillation 
apparatus, a measure of end products provides infor- 
mation only of the combined results of cracking. It 
immediately becomes apparent that it is possible to 
crack at conditions too severe for the stock being 
charged to one coil, while the stock charged to another 
coil is cracked too mildly—with the result that the unit 
is shut down prematurely because of coking-up the coil 
in which over-cracking has occurred. At the same time 
fuel and energy are wasted in circulating oil through 
the coil operating below its optimum rate of conversion. 
While these conditions may prevail in separate parts of 
the system, the results of cracking, as determined by 
the combined products leaving the distillation equip- 
ment, may appear satisfactory and give no indication 
that the individual units are not being operated cor- 
rectly. The recognition of these facts intensified the 
study of the operation of the separate cracking coils 
by withdrawing samples from each coil, and subjecting 
them to various types of laboratory analysis. The study 
of the physical state of the fluid in the individual coils 
also was stimulated by the recognition of the effect of 
velocity on the rate at which the fluid can absorb heat, 
and of the effect of velocity on the deposition of carbon. 

A study of these problems resulted in the appearance, 
since 1930, of several articles in the literature on crack- 
ing, which articles emphasize the importance of obtain- 
ing more data on the physical properties of the fluid 
at the temperatures and pressures used in present-day 
cracking equipment. They stressed the need for such 
fundamental data, essential in the design and opera- 
tion of cracking units, as would make it possible to 
ascertain more closely the physical state of the fluid 
under the prevailing conditions. However, the extreme 
difficulty encountered in obtaining such data is revealed 
in Lewis’ article, wherein he aptly points out that 
$90,000 has been expended by three laboratories in ob- 
taining information on the properties of a single sub- 
stance, viz., steam, at elevated temperatures and pres- 
sures; and that it is easy to appreciate the despair of 
the worker in the chemical industries of finding ade- 
quate data on the numberless compounds with which he 
may be expected to operate. Hitherto, the only approach 
to the problem of determination of time treatment in 
cracking coils has been made through the medium of 
inadequate physical data enabling us at best to calcu- 
late the order of magnitude of the density of the flow- 
ing fluid under the prevailing pressure and temperature. 
Only in those rare cases where more complete informa- 
tion is available on the physical properties of a fluid 
over considerable ranges of pressure and temperature 
can the density in the flowing conditions be deduced 
from the results of the analysis of a sample. Even if 
such information were now available (and we need 
hardly say that it is mot for petroleum and most of its 
refined products) the continuous supervision of a 
process would not be assisted by belated time and 
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density reports derived by a sampling method. However, 
a direct determination of density not only renders the 
use of p-v-t relationships unnecessary for finding time 
of treatment, but provides a means of obtaining these 
relationships for other purposes. The main object of 
this paper is to describe a method and apparatus for 
the continuous indication of time of detention as given 
by direct manifestations of density, and the utilization 
of the time indication for the control of a cracking unit. 
It should be understood clearly that the density manifes- 
tations referred to here are in no way dependent upon 
calculations involving assumptions as to molecular 
weight or deviations from the gas laws, but are mani- 
festations of the density im situ of the fluid in the 
process of treatment, whether the fluid is liquid, vapor, 
or liquid-vapor mixture. 


DETERMINATION OF DENSITY AND OF TIME 
OF TREATMENT 


In order to determine the time of treatment (time 
of detention) of a fluid flowing through a path of 
known dimensions, it is necessary to ascertain the 
density of the fluid while it is under the actual tem- 
perature and pressure existing in the path. While it 
may prove to be of considerable academic interest 
(and even of practical importance in certain chemical 
processes) to know the density at a number of points 
of the path, yet density determinations at the inlet 
and at the outlet of a conversion zone can be made to 
supply an arithmetical mean for purposes of time 
control of the fluid treatment in that zone. 

The apparatus responsive to the density of the flowing 
fluid consists of an orifice connected to a differential 
head meter. The weight rate of flow of a fluid passing 
through a pipe and orifice of known design can be 
expressed® by the hydraulic equation: 


CYEF 
W = 0.0997 ——_—_—_ Vdhw 
V1—f* 
Where: 
W =rate of flow, in pounds per second. 
C = coefficient of discharge. 
YT) = diameter of orifice, in inches. 


1 
V1— B*= approach factor. 
hw = differential head, in inches of water. 
d= density of flowing fluid, in »ounds per cubic foot. 
This may be written also: 


W = 0.0997 KD’ V dhw (a) 





Where: 
K = coefficient of discharge with velocity of approach 
factor included. 


From any one of a number of different methods em- 
ployed by the industry at this time, the weight rate otf 
charge, W, may be determined; and, if an orifice with 
known characteristics is installed at the point of the 
path where it is desired to determine density, the 
hydraulic equation may be used in the following form 
to arrive at the density of the fluid under the tempera- 
ture and pressure conditions at the place of measure- 
ment: 
W? 
(0.0997 KD*)? hw 

The time of detention of a fluid in a zone of known 
dimensions can be calculated when the mean density of 
the fluid in that zone is known: 


md. V 


t = C———_,, 


W 
the time ¢ being proportional to the volume (V) of the 
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zone and to the mean density (md.) of the fluid, and 
inversely proportional to the weight rate of flow (W). 
In some cases, however, the actual time will not be 
needed, and control can be effected directly by utilizing 
the varying differential head across one or more orifices 
installed in the fluid path. 
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FIGURE 1 


When two similar orifices are placed at the inlet and 
outlet of a section of a fluid path, it is possible to use 
the hydraulic equation in a somewhat different manner. 
Inasmuch as there is the same weight rate of flow 
through both orifices, it follows that: 


where: d, and d, are the densities at the inlet and outlet 
of the section, and h, and h, are the corresponding 
differential heads. Thus d, can be determined if d,, h,, 
and h, are known, a result which is of importance in the 
design of some of the instruments described hereinafter. 
If the orifices are not similar, the equation is modified 
by a factor, depending on the characteristics of the 
orifices, which can be derived directly by the use of the 
hydraulic equation. 


PRACTICAL OPERATION OF DENSITY- 
RESPONSIVE APPARATUS 
Considerable changes in density take place, under the 
different operating conditions, in the conversion section 
of a cracking unit; and it would not be practicable to 
deal with the correspondingly large variations in differ- 
ential head across a fixed orifice installed at the inlet or 
outlet of the section. We have developed, therefore, an 
adjustable orifice (Figure 1). A rising stem provides 
the means of varying a segmental restriction to the 
flow, and thus varying the diameter ratio. In this way 
a large range of densities can be handled satisfactorily 
by a single manometer U-tube. The adjustable orifices 
used in the experiments on a commercial cracking unit 
were calibrated by passing known quantities of water 
through them, and from this calibration a curve was 
constructed giving K in equation (a) for different seg- 
ment settings corresponding to D. Figure 2 is a repro- 
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duction of a chart showing the changes in the differ- 
ential head across the adjustable orifice for different 
segment settings. 

It is known that the coefficient of a given orifice is a 
function only of diameter ratio, pipe size, and Raynolds’ 
number.® If diameter ratio is the only variable which 
is changed by changing segment setting, then an agree- 
ment of densities determined for different segment 
settings will justify the use of the curve giving the 
coefficients determined by water calibration. Table 1 
(corresponding to Figure 2) gives a series of observa- 
tions made with the orifice installed at the outlet of 
the conversion section of the cracking unit. During the 
period over which segment settings were varied and 
these observations made—and, in fact, for several hours 
before the settings were altered—quality of stock, tem- 
perature, pressure, and rate of charge were held con- 
stant. Under such operating conditions, it is obvious 
that the density of the fluid will remain constant, and 
the consistency of densities determined at different seg- 
ment settings can be ascertained. The procedure was 
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repeated for fluids with density as low as 2 pounds 
per cubic foot, and with density as high as 30 pounds 
per cubic foot. The results in all cases were as consistent 
as those in Table 1. 


A practical operating question reasonably may be 
asked concerning the effect of coke deposition on the 
accuracy of apparatus of this kind. After a run had 
been completed under temperature and pressure con- 
ditions deliberately designed to deposit a considerable 
amount of carbon in the transfer line as well as around 


TABLE 1 


Observations with Orifice Installed at Outlet of Cracking- 
Unit Conversion Section 











Segment Density 

Chart Setting (Per Lb. 

Reading (Inches) Cu. Ft.) 
3.3 0.7 5.73 
4.1 0. 5.38 
4.8 5 | 5.35 
5.5 1.3 5.37 
6.3 1.5 5.36 
ce ; he 5.37 
8.2 1.9 5.31 
9.4 2.1 5.34 
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the orifice, the section of the transfer line immediately 
ahead of the orifice, and the adjustable orifice itself, 
were removed and set up in a manner permitting a 
water calibration of the orifice. A photograph of the 
arrangement is shown in Figure 3. It was found that, 
under these extreme conditions, the coke deposit only 
slightly changed the calibration at intermediate seg- 
ment settings. The presence of enough coke to affect 





FIGURE 3 


the accuracy of the operation of the meter always can 
be detected by testing the consistency of the density 
values obtained with a number of different segment 
settings. 

An adjustable orifice (Figure 9) has been developed 
to minimize the deposition of coke in the vicinity of the 
metering element. The body of the adjustable orifice 
installed in the transfer line is cooled by circulating 
oil through channels provided for this purpose. To 
reduce the tendency of coke to deposit on the segment 
and in the static lines connected to a transfer line 
conveying hot synthetic crude, oil is pumped through 
the stem and pressure taps of the adjustable orifice. 
This cooling oil, fed at regular rates by means of a 
battery of proportioning pumps (Figure 4) keeps the 
metering element in constant working condition, and 
cools the orifice sufficiently to reduce materially coke 
deposition on the segment. The adjustable orifice in 
the cross-over line is of a similar type, except that it 
was not found necessary to cool the body. 


EXPERIMENTAL PROCEDURE 


Each test reported in this paper comprises results 
observed over a 24-hour period of operation of a com- 
bination unit with a single cracking coil. For the pur- 
pose of checking the equipment, a preliminary test was 
conducted on the day before each actual test. This 
preliminary test also insured having the unit in proper 
operating condition, particularly with regard to the 
furnace. Before the tests were started, the thermo- 
couples to be used were calibrated against a U. S. 
Bureau of Standards couple, and the necessary correc- 
tions made. They also were checked periodically during 
the tests, as well as at the completion of the series. 
Similar precautions were observed in connection with 
the pressure gauges, fluid meters, and any equipment the 
accuracy of which would influence the data collected. 
All flue-gas temperatures above 600° F. were determined 
by high-velocity thermocouples; all flue-gas samples 
above 900° F. were withdrawn through water-cooled 
sampling devices for Orsat analysis. 


In each test the furnace was set up as a calorimeter, 
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and careful measurements were made of the total heat 
liberated and of stack and radiation losses, and the 
distribution of the heat among the various sections of 
the furnace was determined. In the determination of 
total heats, the specific heats of the fluid were obtained 
by the use of Fortsch and Whitman’s specific-heat 
curve,* and latent heats (including heats of conversion) 
were determined as differences between the sensible 
heats accounted for in this manner and the total heat 
given up by the products of combustion. 


From the observations made during these experi- 
mental tests, it appears that changes in pressure may 
be utilized to perform three definite functions: 

1. To change the density of the fluid under treatment. 
2. To change the total heat contained in the synthetic 
crude leaving the cracking unit. 


3. To inhibit the formation of coke and gas. 

A particularly important example of the effect of pres- 
sure changes may be mentioned at this stage, although 
further details will be given later. When the density 
is changed by changing the pressure, the time of treat- 
ment is altered; and, as a result of the change in time, 
the yield per pass will be changed—temperature and 
rate of charge being kept constant. 


HEAT IN THE SYNTHETIC CRUDE AS A 
FUNCTION OF DENSITY 


Certain observations made during these tests indicate 
that the density at the outlet of the conversion section 
provides an index of the total heat in the synthetic 
crude. Three tests (No. 3, 4, and 5) were conducted 
with different coil outlet pressures, while maintaining 
as closely as possible the same rate of furnace charge 
(7000 barrels per day), the same quality of charging 
stock, and (by varying the amount of fuel fired) the 
same yield per pass (12.5 percent). A precise compari- 
son between these three tests is made by giving the 
values of the total heat absorbed by the fluid from the 
products of combustion. The heat absorbed per pound 
of charge is given in Table 2, together with the cor- 
responding outlet density and outlet pressure. 

Not only do these observations show the extent to 
which the heat in the synthetic crude can be varied to 
maintain, for example, prescribed conditions in the 
vapor separator, but they also indicate the utility of 
using the density at the outlet of the conversion section 
as a measure or index of the heat available in the syn- 
thetic crude for such a purpose. It may be noted that 
the heat can be varied within fairly wide limits while 
maintaining the same rate of conversion, and this inter- 
esting phenomenon admits of a simple interpretation. 

As a first approximation, we might hope to deal with 
the fluid in the conversion section as a simple liquid- 
vapor mixture undergoing conversion. If H (B.t.u. per 
pound) is communicated to the charging stock in its 
passage through the conversion section, and h/ (B.t.u. 
per pound) is absorbed in the production of cracked 
products (gasoline plus gas), then if the fractional con- 
version is f, an amount of heat H—fh (B.t.u. per 
pound) is available for vaporization. A simple calcula- 
tion gives: 

H—fh=k (V —v) 


where: v and V, are the specific volumes of the liquid- 
vapor mixture at the inlet and outlet of the conversion 
section, and k (a function of the latent heat of vaporiza- 
tion and the specific volumes of liquid and vapor) is a 
constant at constant temperature. After applying cor- 
rections for rise in temperature through the conversion 
section and for preliminary conversion ahead of the 
conversion section, the following pairs of values of 
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V—v and H (from the heat balance on the furnace) 
were obtained in the three tests: 


H (B.t.u. per Ib.) V—v (cu. ft. per Ib.),-. 
7 014°! 


74 
48 0.02 
109 0.31 


‘racking, but also any exothermic heat arising (for ex- 
ample) from polymerization ; so that extrapolation from 
graphs for different f or different qualities of stock 
need not give the same value of h. The independent ad- 
justment of yield and output heat clearly is evident in 
actual operating circumstances, and appears to be ex- 





FIGURE 4 


The graph (Figure 5) of H against V—v permits of 
linear extrapolation to zero change in specific volume 
and, hence, the determination of h. The value so ob- 
tained is 360 B.t.u. per pound of gasoline and gas pro- 
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duced. This value includes not only endothermic heat of 
plained qualitatively by the above simple theory concern- 
ing the distribution of heat supply between vaporization 
and reaction. 


RELATION OF YIELD PER PASS TO TIME, 
TEMPERATURE AND STOCK FACTOR 

The first three tests of this series (already discussed 
in connection with the heat in the synthetic crude) were 
conducted at approximately the same yield per pass and 
with as nearly as possible the same quality of charging 
stock, but at different times and temperatures of treat- 
ment. Previous literature dealing with rates of crack- 
ing suggested that a time-temperature index could be 
constructed to enable us to correlate yield per pass with 


TABLE 2 


Heat Absorbed Per Pound of Charge and Outlet Density 
and Pressure 





























Yield Per Pass| Outlet Pres- |Outlet Density B.T.U Per 
Test | (Per Cent by sure (Lb. (Lb. Per Lb. of Fur- 
No. Volume Per Sq. In.) Cu. Ft.) nace Charge 
3 12.9 330 5.9 3,690 
4 12.5 600 18.5 3,460 
5 12.9 175 2.9 3,960 
587 








time and temperature. The data gathered in the first 
three tests were correlated in this way by using 15 F 
as the rise in temperature necessary to double the 
cracking in the same time of treatment. Subsequent 
tests, conducted with charging stocks of different quali- 
ties, soon made it evident that the observations as a 
whole could not be correlated on as simple a basis as 
the first three tests, and it was decided to investigate 
the possibility of characterizing the stocks in some way 
which would indicate their varying behavior under 
cracking conditions. 


In cracking processes we must have, for estimating 
the variable character of the fluid, some method more 
direct and simple than analysis (involving laboratory 
processes of distillation and determination of true-boil- 
ing-point curves). Attempts have been made to charac- 
terize petroleum hydrocarbons by restricted observa- 
tions of some few physical variables, but these attempts 
have not been directed specifically to the evaluation of 
cracking behavior but, rather, to the classification of 
the oils with regard to their physical and chemical prop- 
erties generally. The problem is: what physical variable 
or variables can be measured to give an adequate indi- 
cation of how the fluid will behave in the cracking op- 
eration? The answer to this problem can be provided 
only by experiment. Two main classes of properties of 
hydrocarbon oils are recognized. One class contains 
those properties which are more or less closely related to 
molecular weight; and includes, for example, mean 
boiling point and specific gravity. The other class con- 
tains properties associated with the hydrogen-carbon 
ratio of the oil, and significant of degree of unsatura- 
tion; such a class includes, for instance, aniline number 
and iodine number. The increase in thermal stability of 
charging stocks which have been subjected to heat treat- 
ment appears to be associated with an increase in mo- 
lecular weight and a decrease in the hydrogen-carbon 
ratio. The experiments described in this paper appear 
to show that the quality of the stock, insofar as it affects 
cracking, is essentially a function of molecular weight 
and hydrogen-carbon ratio. As the variables indicative 
of these properties, we have selected the API gravity 
and the aniline number, respectively, as these quanti- 
ties are determined sufficiently easily and rapidly to 
provide information regarding stock character as fre- 
quently as is necessary in commercial operation. We 
have correlated, moreover, the experimental data using 
as simple a function of these two variables as possible, 
and we shall refer to this function as “stock factor.” 


It has been found possible to account for cracking 
rates fairly accurately by using a very simple law of 
rate of reaction, viz., the law applicable to uni-molecular 
reactions in physical chemistry. For short time of treat- 
ment, this law reduces to the simple statement that the 
amount cracked is proportional to the time of cracking, 
other variables being kept constant. The temperature 
enters into the constant of proportionality in a way 
which can be determined only by experiment. An ex- 
amination of the literature shows that it is customary 
to express the dependence of the rate constant on tem- 
perature by stating the number of degrees rise in tem- 
perature necessary to double the amount cracked in a 
given time. It appears that long-time—low-temperature 
treatment can be replaced only by _ short-time—-high- 
temperature treatment over limited ranges of time and 
temperature, and this fact would appear to indicate that 
the usual approach to cracking problems through a 
time-temperature index can be only approximately valid. 
However, if we adopt this principle as providing the 
correct manner of introducing the dependence on tem- 
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perature, we arrive at the following equation for yield 
per pass, P (uncorrected for stock factor) : 


T—T. T—T. 


—— 


P=(iz ¢ =Ct10 f , 


where: t is the time; T, the temperature; and, C, T,, 
f, and g constants. 

As mentioned previously, the necessity for the stock- 
factor correction arose from the impossibility of corre- 
lating the data on the basis of this equation, and such a 
correction now must be applied to modify this time- 
temperature expression. The particular function of 
gravity, G, and aniline number, 4, which we have intro- 
duced as a stock factor is: 


AG 
1,000 
and our yield per pass equation now reads: 
= ae 
p—_AG_ct10 f (b) 





1,000 


On calculating the yield per pass for the different 
times, temperatures, and stock factors occurring in the 
various tests, it was found that closer agreement with 
the observed yields could be obtained by a further cor- 
rection. This correction may be interpreted as an al- 
lowance for the results of preliminary cracking ahead 
of the conversion section, as well as subsequent crack- 
ing in the vapor separator. This correction is small, 
and the simplest way of evaluating it with sufficient 
accuracy is to regard it as given by some function of 
the density at the outlet of the conversion section. It 
has been seen already that this outlet density is an index 
to the heat in the synthetic crude. Some of this heat is 
supplied previous to passage through the conversion 
section, and the heat in the synthetic crude is the main 
factor responsible for cracking in the vapor separator. 
The correction found necessary to fit the observed data 
is incorporated in the final yield-per-pass equation 
which is now: 





T—T. c 
dias Say Ct 10 f (1+-7) (c) 

where: d is the density at the outlet of the conversion 
section, and c is a constant. When ¢ is expressed in min- 
utes, T in degrees Fahrenheit, d in pounds per cubic 
foot, and P in percent by weight of 380-end point- 
gasoline plus gas, we find the following values for the 
constants in this formula: 


C=0.92, T. = 850, f= 73, c= 0.68. 


An appreciation of the nature of an empirical corre- 
lation of observed data will make it evident that it is 
not necessary that ¢ and T should be the actual values 
of the time of treatment and temperature of treatment, 
but need be only functions of these values. It is true 
that more elaborate corrections can be applied to these 
variables to enable one to compute the actual time and 
temperature of treatment, but there is no necessity for 
this from the nature of the correlation in view. The 
correction, perhaps, would be justified if the agreement 
of the formulas with the observed facts materially were 
improved, This, however, is not the case, and the mean 
time and mean temperature as directly recorded were 
found entirely adequate to provide a yield-per-pass 
equation for control purposes. It would be possible to 
find the actual values of the effective time and tem- 
perature, as the instruments which we have developed 











would enable the necessary exploration of the cracking 
unit to be made. Fortunately, this is not required, and 
we shall continue to refer to t and T as the time and 
temperature for the reaction—although it is realized 
that they are essentially only the elements in an empiri- 
cal formula. 

Further experimental work (not described in this 
paper) indicates that a more precise chara-terization 
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of charging stocks may be found desirable when at- 
tempting to operate with stocks derived from widely 
different types of crude. A factor or factors in addi- 
tion to gravity and aniline number may be found neces- 
sary to express the varying tendency of stocks to poly- 
merize under certain temperature conditions—such 
polymerization affecting, in particular, the thermal sta- 
bility of re-cycle stock contained in the synthetic crude. 
However, the methods of approach to stock character- 
ization described herein are sufficiently general to enable 
any subsequent modification and extension of the stock- 


factor correction to be incorporated readily in a yield- 
per-pass equation: The simple theory on which the form 
of such an equation is based is of little interest, as the 
success of an empirical equation is determined entirely 
by the satisfactory way in which it expresses the ob- 
served data. The satisfactory nature of the equation is 
no indication of the validity of the theoretical argu- 
ments which suggested its form. By proceeding in this 
way we are dealing with observed values of variables, 
and are not dependent in any way on the prevailing 
theory. 

In Table 3 are tabulated the observed values of the 
variables involved in this series of tests, and in the last 
column of the table are the yields calculated in accor- 
dance with equation (c). While the tabulated yields 
may appear low when compared with yields usually 
reported for commercial cracking units, it must be noted 
that they are yields of 380-end point finished gasoline 
(plus gas) derived from furnace charge of compara- 
tively poor quality. In the graph (Figure 6) a con- 
venient method of reading yield per pass for different 
qualities of stock under different time-temperature treat- 
ment is shown. For the purpose of representing the 
yield-per-pass equation in a convenient manner, the 
ordinates in the graph are not values of t, but values of : 


r=t (144) 


the correction for outlet density having been applied to 
obtain a “corrected” time, ¢’. It is obvious, of course, 
that the density correction might be applied to any of 
the variables entering into the equation, or alterna- 
tively, treated as a separate element in a more elabo- 
rate graphical representation of the equation. The ob- 
served values in the series of tests, as well as the calcu- 
lated values, are shown in the lower part of Figure 6. 
The range of operating conditions which have been 
covered in the yield-per-pass equation is rather wider 
than ordinarily would be encountered in the operation of 
a single cracking unit. The conditions, however, are 
restricted to the possible working range of one unit, 
and there is no reason to suppose that the same con- 
stants will apply to a formula derived for another unit 
operating over different ranges of temperatures and 
times. However, the procedure to be followed in con- 
structing a yield-per-pass equation over any desired 
range of operating conditions will be essentially as has 
been described. In cases where operating conditions are 
such that one can be reasonably sure that there is little 
or no conversion ahead of the conversion section, and 
where the outlet density is relatively large, the simpler 


TABLE 3 


Summary of Experimental Data Used in Construction of Yield-Per-Pass Equation 


(Yield per pass in weight percent 380-EP gasoline plus gas) 











Outlet 

Aniline Stock Density ‘*Corrected”’ Yield Yield 

Gravity No. Factor Tempera- d Time Time Per Pass, Per Pass, 

Test G (Deg A AG ture (Lb. Per t id Observed Calculated 

No. API) Deg. F.) 1,000 (Deg. F.) Cu. Ft.) (Minutes) (Minutes ) (Per Cent) (Per Cent) 
3 19.6 97 1.90 914 5.9 0.84 0.94 12.6 12.5 
4 18.0 95 1.71 897 18.5 1.66 1.72 119 11.9 
5 19 .2 100 1.92 923 3.0 0.53 0.65 12 5 11.5 
6 20.6 85 1.75 905 6.4 0.87 0.96 8.4 8.8 
7 15.4 61 0.94 918 15.3 1.21 1.26 9.0 9.3 
8 17.0 79 1.34 924 1.8 0.53 0.73 8.4 9.3 
9 12.2 57 0.70 900 22.5 1.77 1.82 7.5 5.7 
10 15.5 83 1.29 918 13.8 1.24 1.30 12.6 13.1 
11 18.9 96 1.81 913 9.6 1.03 1.10 11.5 13.4 
12 18.6 84 1.56 928 9.1 0.97 1.04 14.2 17.6 
13 11.9 70 0.83 934 10.5 0.95 1.01 11.8 10.9 
14 9.8 70 0.69 928 17.3 1.40 1.45 10.8 10.8 
15 18.0 82 1.48 927 7.0 1.00 1.10 16.0 17.0 
16 12.5 80 1.00 914 10.3 1.38 1.47 11.5 10.2 
17 15.5 93 1.44 911 9.2 1.30 1.40 13.0 12.8 
18 12.0 65 0.78 929 11.0 1.35 1.43 11.5 12.4 
19 14.3 70 1.00 907 11.7 1.50 1.59 71.8 8.8 
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yield-per-pass equation (b) can be used. It is a modi- 
fication of this equation which has been employed in the 
construction of the instruments described hereinafter. 
It may be noted that the yield-per-pass formula given 
hereinbefore is a representative member of a large 
class of equivalent empirical formulas, any one of which 
will express equally well the tabulated results. The 
flexibility in the choice of such expressions is of advan- 
tage to the instrument maker, who can choose the one 
best adapted to purposes of design. 


INSTRUMENTALITY FOR CONTROLLING AND 
RECORDING DENSITY, TIME AND TEMPERATURE 
OF TREATMENT, AND YIELD PER PASS 


Instruments have been developed for determining 
(continuously) the density of a flowing fluid, for de- 
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FIGURE 7 


termining the mean density and time of treatment of 
the fluid in any selected sections of its path, and for 
determining the yield per pass. The instruments have 
been adapted to permit them to control the processing 
of the fluid in accordance with predetermined optimum 
conditions of time, temperature, stock factor, and yield 
per pass. Such apparatus is now in successful opera- 
tion on a furnace with separately-fired sensible-heat and 
conversion sections, A diagram of the furnace, with 
its associated controls and instruments, is shown in 
Figure 7. Differential heads are denoted by h, densities 
by d, and temperatures by T; subscripts 1, 2, and 3 are 
used to distinguish variables pertaining, respectively, 
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FIGURE 9 








to the charge to the furnace, the inlet to the conversion 
section, and the outlet of the conversion section. In 
accordance with the principles discussed hereinbefore, 
the density of the fluid at, say, the inlet of the conver- 
sion section is given by the equation: 


di hy 
32— x 


he 


which, however, must be modified for different segment 
settings at the orifice installed at the inlet of the con- 
version section. The instruments are designed to solve 


equations of this type, by using Wheatstone bridge cir- 
cuits. If variable resistances are moved to give values 
proportional to d,, h,, and h,, then the balancing of a 
bridge circuit in which these resistances form arms 
gives the value of a resistance proportional to d,. Modi- 
fications of the equation required by different segment 
settings are made by the provision in the bridge circuit 
of manually-adjustable resistances. The balancing of 
the bridge is effected in a well-known manner by the 
galvanometer circuit; and the operation records auto- 
matically the value of d,, and enables this value to be 
used for control purposes. More complicated expres- 
sions can be evaluated in the same way. The yield-per- 
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pass equation is solved in a similar manner—resistances 
proportional to time, temperature, and stock factor 
forming part of the circuit. The temperature term is 
introduced into the bridge by an especially-wound re- 
sistance coil with the appropriate (non-linear) rate of 











FIGURE 11 


variation of resistance with position of the sliding con- 
tact. Modifications of the constants in the yield-per-pass 
equation can be made (if required) in the instruments 
simply by changing the values of resistances. 

A more detailed description of the manner in which 
the variables determining density and yield per pass 
enter into the control of the operation now will be de- 
scribed with reference to Figure 7. The rate of charge 
entering the furnace is determined by a fixed orifice 
which positions a recording and transmitting flow 


meter (1). The differential head h, as well as V/h, are 
transmitted to the control board. The rate of charge 
to the path is transmitted (by air pressure) to indica- 
tor (6) upon the control board. In a similar manner 
the rate of fuel fired in each section of the furnace is 
transmitted to the control house from the recording 
fuel meters (4) and (5) to indicator (6). The differ- 
ential head h, at the charge meter is transmitted 
(electrically) to the Wheatstone bridge circuit in 


(15) and (10), where it is combined with h, and h, to 
arrive at the densities d, and d,—adjustments having 
been made for segment settings and specific gravity 
of the charge. The densities d, and d, are recorded in 
(10), which also is equipped with mechanism for con- 
trolling, in response to the density of d,, the fuel fired 
through burners (A). In (16) the inlet and outlet 
densities are averaged by a Wheatstone bridge cir- 
cuit, and this mean density is transmitted to (11) 
where it is recorded. In the same instrument the 
value of the mean density is combined with the 
values of the weight rate of charge and the volume 
of the conversion section to read directly the time of 
treatment in minutes: 


md. V 
2. 


W 
Instrument (11) also is equipped with mechanism 





FIGURE 12 


which provides a possible means of controlling, in 
response to the mean density of fluid in the conver- 
sion section, the fuel supplied to burners (B). The 
temperature 7, is transmitted to recorder (9), and 
does not enter into the control system. The tempera- 
ture 7, is transmitted to recorder (9) and controller 
(7). This temperature may be used to control fuel 
fired by burners (A). Either temperature 7, or dens- 
ity d, may be chosen through selector mechanism (18) 
to re-set the constant-flow controller (4) which posi- 
tions valve (AA). The burners (A) also can be man- 
ually-controlled from the control board by the same 
selector mechanism. The temperature T,, at the out- 
let of the conversion section, is transmitted to re- 
corder (13) and controller (8), and this temperature 
may be used to control the fuel fired by burners (B). 
Instrument (13) also records the mean temperature 
across the conversion section, and transmits this tem- 
perature into (17), where it is combined by a suitable 
Wheatstone bridge circuit with the time of treat- 
ment and stock-factor adjustments to solve mechan- 
ically the yield-per-pass equation. The yield per pass 
then is transmitted to recorder (12). Instrument (12) 
is equipped with control mechanism for resetting the 
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constant-flow controller (5) which ‘positions valve 
(BB) for controlling the fuel fired by burners (B) in 
the conversion section. Thus it will be seen that the 
fuel supplied to the burners (B) may be controlled 
automatically either from outlet temperature T,, or 
from mean density, or from yield per: pass. These 
controls pass through the selective control mechan- 
ism (14), which can be switched to manual control 
if desired. 


) 7 








Figure 8 is a photograph of the control board in 
the main control house, and exhibits the equipment 
in the same relative locations as in the diagram, 
Figure 7. 

Figure 9 is a photograph of the adjustable orifice 
located in a transfer line. The movable plate and the 
body, which extends for some distance on either side 
of the plate, are cooled with oil to minimize the pos- 


FIGURE 13 
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sibility of coke formation—not only on the plate and 
adjacent to the plate, but also in and adjacent to the 
pressure taps leading to the related meter. Figure 
10 shows this adjustable orifice installed in the trans- 
fer line of the unit. The cooling and transmitting 
connections can be seen in the photograph. 

Figure 11 shows the type of mercury U-tube mano- 
meter used to determine the differential head of the 





charge and the differential head at the transfer lines. 
The interior of the charge meter is shown in Figure 
13. The rate of flow of charge is recorded continuous- 
ly, and an air pilot valve is positioned to establish an 
air loading pressure representative of rate of flow. In 
addition a resistance is positioned continuously to 
establish a value proportional to the head h,, and a 
second resistance is moved to provide a value pro- 
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portional to Wh,. These resistance values then are 
transmitted electrically to the control board. 

Figure 12 is a face view of one of the instruments 
located on the control board. This particular figure 
shows the recorder-controller. which continuously 
records yield per pass through the conversion sec- 
tion, and establishes an air loading pressure propor- 


iran a ee aah oe 





tional to yield per pass for control purposes. 

Figure 14 shows an interior view of instrument 
(13). This instrument records continuously T,, the 
temperature of the outlet from the conversion sec- 
tion, and also the mean temperature of the conver- 
sion section. 

Figure 15 is an interior view of instrument (10), 
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and shows the cams and slide wires used in recording 
density at the inlet and at the outlet of the conver- 
sion section, and the air pilot mechanism which es- 
tablishes a pressure for control of burners (A) from 
density d,. Figure 16 is an interior view of instru- 
ment (11), and shows the mechanism for recording 
mean density in the conversion section, as well as 
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time of detention of the fluid in this section, and the 
pilot valve for establishing an air loading pressure 
for control of the burners (B) in accordance with 
mean density. 

Figure 17 shows instrument (14) (or 18), a selector 
valve for the pneumatic control system, providing 
the possibility of remote control of the valve (AA) 
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(or BB), and an automatic re-setting of the constant- 
flow control of fuel to the burners. Figure 18 is a 
photograph in which are shown the fuel-flow control 
recorders (4) and (5) and the fuel control valves 
(AA) and (BB) as they appear in the actual installa- 
tion. 


CONCLUSIONS 


From a study of the observations made and data 
collected while conducting experiments on a com- 
mercial cracking unit equipped with density im situ 
apparatus, the following conclusions are drawn: 

1. The apparatus provides a means of continuously correlating 











FIGURE 17 
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time, temperature, and stock characteristics with yield per 
pass. 

2. It affords a means of controlling accurately the cracking 
equipment to maintain a predetermined optimum yield per 
pass, and leads to a high standard of operating efficiency. 

3. It provides an indication of the total heat contained in the 
synthetic crude leaving the cracking unit—and a control of 
this heat, within wide limits, independently of maintenance 
of a desired yield per pass. 

4. It affords a method of obtaining fundamental information 

essential to the design of cracking equipment. 

. It provides an instrument of research in the investigation 
of the physical properties of fluids under temperatures and 
pressures which are such as to render the ordinary methods 
of approach impracticable. 
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Control of Wax-Distillate Quality 


lL. The Analytical Separation 


of Wax 


E. A. BURCH 
Continental Oil Company, Ponca City, Okla. 


REFINER operating a dewaxing or wax-man- 

ufacturing process needs accurate analytical 
methods for the control of commercial equipment. 
Such methods should be a guide for the attainment 
of proper plant efficiency. The advent of solvent- 
dewaxing and solvent-treating processes has pre- 
sented new problems in control which call for close 
analytical supervision. This paper presents the ana- 
lytical methods used by Continental Oil Company 
for the quantitative separation of oil and wax and the 
examination of the separated products. 

A practical method of quantitative analysis should 
give good separation in a one-step procedure; sepa- 
rate an oil-free wax, produce dewaxed oil of zero 
pour point, or lower if desired; be applicable to wax- 
oil mixtures commonly encountered; and furnish 
data which may be correlated with commercial proc- 
esses. We have found that many of the known 
methods of wax determination fail in one or more of 
these fundamental requirements or in some other 
important detail. 

The analytical method of Holde™ is probably bet- 
ter known than any other, but it is applicable only 
to certain types of mixtures. An acetone-extraction 
procedure was developed by Wyant and Marsh,” and 
applied to certain crude wax mixtures. Henderson 
and Ferris* described a method for the determination 
of wax in crude wax mixtures being charged to wax 
sweaters. The method could not be used on a wax 
distillate, because nitrobenzene may give a solvent 
separation of the oil components. McKittrick, Hen- 
riques, and Wolff® presented a procedure for the 
determination of wax in petroleum fractions which 
utilized ethylene dichloride and chloroform as sol- 
vents; however, they dealt with such very low 
concentrations that it was impractical to produce 
sufficient dewaxed oil for practical physical examina- 
tion. Horne and Holliman’ developed a method of 
solvent analytical separation of waxes from petro- 
leum and its lubricating fractions. They employed a 
solvent mixture composed of methylene chloride and 
acetone, but the data have not been correlated with 
any existing commercial process. 


THE PROBLEM OF ANALYTICAL DEWAXING 


Successful analytical dewaxing resolves itself into 
the proper consideration of five fundamental steps: 





* Figures refer to bibliography on p. 602. 
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ABSTRACT 


| 

| 

HE laboratory and pilot-plant methods of con- 

trolling the quality of wax distillates developed 

and used by Continental Oil Company and a sur- 

vey of five Oklahoma wax distillates by the Chem- 
ical Engineering Department of the University of 
Oklahoma are given in four sections: 

I. The analytical separation of wax-oil mixtures 
is discussed, and methods presented for the selec- 
tion of the correct solvents and for the determina- 
tion of the theoretical yield of wax of any desired 
melting point from a given slack wax. 

II. A pilot sweating plant is described, and the 
various factors affecting the yields of scale wax 
from the sweating operation are discussed. 

Ill. A modified vacuum-distillation apparatus is 
described, and the use of the apparatus for the 

examination of wax distillate discussed. The rela- 

| tionship between viscosity and mid-distilling tem- 

perature is recommended as a basis for the estima- 
tion of pale oil yields. 

IV. The analytical methods described and the 
University of Oklahoma pilot-plant equipment are | 
used to study the characteristics of five Oklahoma 
wax distillates. The results show great difference in 
quality, based both on possible pale oil and on wax 
yields, 

This paper was presented at Nineteenth Annual 
Meeting, American Petroleum Institute, Chicago, 
November 17, 1938. 








1. A determination by definition of what is wax and 
what is oil. 


2. Selection of suitable solvents. 


_ 3. Selection of the proper temperature to give the de- 
sired wax-oil separation. 


4. Selection of the proper ratio of solvent to wax-oil 
mixture for a given temperature of separation. 


5. Analytical procedure. 


The objective of commercial dewaxing operations 
is usually the maximum yield of low-pour-point oil 
consistent with economical operation. Inasmuch as 
an analytical control method must necessarily be of 
a much higher order of efficiency, the most efficient 
method for separating analytically a given wax-oil 
mixture is the one which will produce the largest 
percentage yield of low-pour-point oil. 


1. DEFINITION OF THE TERMS “WAX” 
AND “OIL” 


For the purpose of this study “wax” is defined as 
that material which remains after separating the 
maximum percentage of oil of the specified pour 


a 
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TABLE 1 


Relationship Between Dewaxing Temperature and the Yield 
and Quality of the Wax and Oil 














Dewaxing Wax Dewax Oil 
Temperature Per Cent Melting Point Per Cent Cola Test 
(°F.) By Weight ( °F.) By Weight (°F.) 
+11 9.5 138.8 90.5 +9 
+1 10.7 136.7 89.3 0 
— 5 11.2 135.6 88.8 — 6 
—16 13.2 132.8 86.8 —16 

















point (usually 0° F.) from a wax-oil mixture; there- 
fore, the so-called “wax” resulting from the separa- 
tion of zero-pour-point oil may contain viscous hy- 
drocarbon oils, and a zero-pour-point oil may contain 
molecules that have all of the common chemical and 
physical properties of wax. “Oil” is defined as the 
maximum amount of liquid having a pour point of 
0° F. which can be separated from a wax-oil mixture. 

From the above definitions and a cursory examina- 
tion of any wax-oil mixture, the necessity of deciding 
what shall be called oil and what shall be called wax 
is obvious. The separation and identification of wax 
molecules from all molecules in light low-viscosity 
distillates is easier than is a separation of the heavier, 
more viscous stocks such as bright stock. Japour® 
recognizes this difficulty. The fact that the highly- 
viscous components of an oil may give a viscosity set 
for a pour point, and the further fact that some 
stocks have a cloud point lower than che pour point, 
show that pour point is not always a.reliable indica- 
tion of wax content of an oil. 

Table 1 shows the relationship between wax yields, 
wax melting point, and oil “cold test” (set or solid 
point) for different temperatures of wax-oil separa- 
tion between +11 and —16°F. These data show 
the extreme importance of: a, defining wax; b, de- 
waxing to the same pour point to obtain comparable 
results. 

All wax-oil mixtures will not separate the same as 
the one described above, even though subjected to 
identical conditions. In view of this, each wax-oil 
mixture must be considered as a specific problem, 
and considered in accordance with the characteris- 
tics of the mixture and the particular information 
desired. 


2. SELECTION OF DEWAXING SOLVENT 

The second fundamental step in analytical dewax- 
ing is the selection of a suitable solvent. The ideal 
solvent for analytical dewaxing should have the fol- 
lowing properties: 

1. High solvent action for both oil and wax at 
relatively high temperatures. 

2. High solvent action for oil at low temperatures 
so that there will be negligible effect from viscosity- 
index change other than that resulting from wax 
removal. 

3. Low solvent action for wax at low tempera- 
tures. 

4. Minimum wax solubility over a range of low 
temperatures. 

5. Low boiling point to facilitate easy removal. 

6. Chemical stability, low toxicity, and inexpen- 
siveness. 

This investigation involved the study of many 
single solvents and combinations of solvents as to 
Suitability, but most of them were classed as unde- 
sirable. Many, however, would produce good results 
when properly handled; but they were not as con- 
venient to use as those selected. 


Following the work of Carlisle and Levine,* we 
found that methylene chloride is a very satisfactory 
base solvent for general use. Our investigation, how- 
ever, has shown that any one of the recommended 
solvents will not give satisfactory wax and oil sep- 
aration from all classes of oils and waxes, and that 
the preferred base solvent must be modified by one 
or more additional solvents. By the use of the proper 
mixture of solvents, any oil-wax sample may be 
quantitatively separated in a single step to give 
“oil” and “wax” meeting the above definitions. We 
have found acetone, ethylene dichloride, and benzol 
to be desirable modifying solvents for methylene 
dichloride. 

Table 3 gives typical solvent mixtures which have 
been found satisfactory for the different wax-oil mix- 
tures listed, when an oil of 0 to 5° F. pour point is 
being separated at a temperature of —14° F. It will 
be seen that both the crude source and the viscosity 
of the oil or character of the wax affect the solvent 
selection. 


@- ETHYLENE DICHLORIDE 


On——METHYLENE CHLORIDE 
ACET 


YIELO OF WAA- PER CENT 





COLO TEST OF OIL OEGF 


FIGURE 1 


Relationship between Solvent, Yield of Wax and Cold Test 
of Separated Oil. 


The selection of a suitable solvent for any type of 
wax-oil mixture must be determined experimentally. 
This can be done by making a series of wax separa- 
tions at different temperatures from +20 to —20° F. 
with a solvent mixture which is believed to be satis- 
factory. The resultant wax yields vs. actual cold test 
of the separated oil are then plotted on rectilinear 
coordinates. The data from a series of separations 
with a satisfactory solvent are given in Table 1, 
while in Table 2 data are given for an unsatisfactory 
solvent. Mid-Continent lubricating-oil distillate was 
used in each test. Methylene-dichloride-acetone was 
the solvent used for the data in Table 1, and ethylene 
dichloride for the data in Table 2. The relationship 
between wax yield and cold test of the oil is plotted 
in Figure 1. It will be seen that with the satisfactory 














TABLE 2 
Using the Same Oil as in Table 1, but with an Unsuitable 
Solvent 
Dewaxing Wax Dewaxed Oil 

Temperature Per Cent /|Melting Point Per Cent Cold Test 
iy 8 By Weight ( °F.) By Weight ( °F.) 
+16 9.5 139.1 90.5 10 
+ 6 11.2 136.4 88.8 — 3 
+1 16.3 131.8 83.7 — 8 
— 6 21.1 125.0 78.9 —15 
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TABLE 3 


Typical Solvents Suitable for Various Oil-Wax Mixtures 














PER CENT 
Methylene Ethylene 
NATURE OF PRODUCT Chloride Chloride Acetone Benzol 

1. Light oil from all sources (viscosity—less than 200 sec., Saybolt Universal, at 100 °F.) 80 ty: 20 

2. Heavier oils from Mid-Continent crudes................. 0... cece ccc crete eees 100 = me. ict 
ks a wlbaln nab odeoebesedliecsatess 90 Ne ne 10 
S Comes Wen trams lime Prnentine. distillate... 2... ccc tee tec c ance 50 = 50 : 
5. Crude wax from medium distillates—up to 500 sec., Saybolt Universal, at 100 °F... 80 . 20 

GS Peeremeum from Mila-Comtinent crudes. .. cece ccc cece eeee 50 50 sa 
ns kaa cle ew csectedeccseteeteeiesceaeen 100 a 

ee a ME UE OI WOE cs oi i cee c ec es cess vecscecesesecaess 25 75 




















solvent (methylene-dichloride-acetone) there is a 
uniform progressive increase in the percentage of 
wax obtained as the cold-test temperature of the de- 
waxed oil is lowered. This is characteristic of a suit- 
able solvent. With the unsatisfactory solvent (ethy- 
lene dichloride) the relationship between percent 
wax and cold test of dewaxed oil is satisfactory to 
an oil cold test of —3° F., but from that point the 
slope of the curve becomes abnormal—indicating 
very slight lowering of the cold test of the oil with 
greatly increased “wax” yields. This means that the 
viscous hydrocarbon oil is being precipitated as wax. 
This is characteristic of an unsuitable solvent. 

Inasmuch as the hydrocarbon oil precipitated with 
wax when using an unsatisfactory solvent is highly 
paraffinic in character, the viscosity index becomes 
an excellent criterion for the selection of a suitable 
solvent. Thus, if the viscosity index of the separated 
oil is lower than that obtained by commercial de- 
waxing with known good solvents, the solvent in 
question is unsuitable. 

In the dewaxing of viscous residual oils, such as 
steam-refined stocks from Mid-Continent and Penn- 
sylvania crudes, a small percentage of benzol in the 
methylene dichloride is desirable, as it prevents the 
separation of the more paraffinic viscous oils. In 
samples containing large quantities of asphaltenes, a 
preliminary treatment to remove the asphaltic ma- 
terial is desirable. A sulfuric-acid treatment has 
proved satisfactory, but any treatment which re- 
moves asphaltic material without affecting the other 
hydrocarbons may be used. 


3. SELECTION OF DEWAXING TEMPERATURE 


The dewaxing temperature required to obtain the 
desired pour point is a function of the kind and quan- 
tity of solvent and the characteristics of the oil. For 
any given solvent the correct separating temperature 
may be found from a series of separations such as 
reported in Table 1. For this purpose the tempera- 
ture of separation may be plotted against the re- 
sultant cold test. 

In actual practice, when either constant-tempera- 
ture baths or cold rooms are used for analytical wax 


separations, it is more convenient to vary the kind of 
solvent used to give the desired cold test than it is 
to change the constant temperature. In our case we 
have established —14° F. as a desirable temperature 
for separating an oil of 0° F. cold test, and the sol- 
vent composition is adjusted accordingly. 


4. SOLVENT-SAMPLE RATIO 


The ratio of solvent to sample determines the tem- 
perature at which an oil of given pour point will be 
separated from a wax-oil mixture and the amount of 
oil which will be left in the wax. To obtain quanti- 
tative separation, the oil must be relatively dilute in 
the solvent. For waxy oils 10 grams of sample to 100 
ml. of solvent may be used. 


In the case of separating oil from oily waxes a 
greater dilution is preferable to obtain complete oil 
separation, and a ratio of 5 grams of wax to 100 ml. 
of solvent is suitable. With waxes of widely-varying 
oil contents, the same solvent ratio and separating 
temperature will produce a considerable variation in 
the cold test of the oil; therefore, if a high degree of 
accuracy is required, an exact solvent ratio must be 
determined for each type of sample. In the case of 
the examples given in Table 3 the waxy-oil samples 
(1 to 3) are used in the ratio of 1 gram of oil to 10 
ml. of solvent, and the waxes 1 gram to 20 ml. of 
solvent. 


5. ANALYTICAL PROCEDURE 


a. Separation of Wax. 

Assuming that the proper solvent and separating 
temperature have been determined and adopted, then 
the actual analytical method or procedure is of little 
importance. Practically any procedure is suitable 
which dissolves the sample in hot solvent, chills the 
solution to the desired temperature, cleanly filters 
the wax from the solution at the minimum chilling 
temperature, washes the oil from the wax cake with 
sold solvent, and quantitatively determines the yield 
of solvent-free oil and wax. A chilling box such as 
that described by Horne and Holliman’ is suitable 
for standardized small-sample analytical work; but 
we have found the use of a cold room, with its flex- 

















TABLE 4 
Reproducibility of Wax Separation 
PERCENTAGE OF WAX 
First Second 
DESCRIPTION OF SAMPLE Determination Determination Average 
eee een Fe eee eee 10.0 9.7 9.9 
Mid-Continent medium lubricating distillate. .... 2... cece eee 10.7 10:8 10.8 
De ee as ic iy oad e ee ce eseee tes easagas 12.0 12.3 12.2 
Pennsylvania crude wax from wax distillate......... 25... 0. ccc cee ees 65.6 65.4 65.5 
Mid-Continent crude wax from light lubricating distillate............................ 68 .0 68 .4 68 .2 
Raw Mid-Continent residual cylinder stock. ................ 0. ccc cee cee eee eee 13.0 12.9 13.0 
Mid-Continent cylinder -stock petrolatum............. A Sen eee oe 61.2 61.7 61.5 

















600 Refiner & Natural Gasoline Manufacturer—V ol. 17, No. 11 











a ree eer ae lll 


~~ SS 


11 











TABLE 5 
Melting Points by ASTM and Modified Method 
Melting Point 
Standard Melting Point 

ASTM (Modified 

Method) Method) 
DESCRIPTION OF WAX (°F.) ( °F.) 
Total wax from a wax distillate......... 113.5 113.5 
Total wax from a wax distillate......... 112.2 112.4 
Scale wax (a narrow-cut fraction)........ 128.1 128.1 
High-melting scale wax............... 131.2 131.2 
Blend of high- and low-melting scales... . 127.6 25754 














ibility of sample size, to be much more suitable for 
control and experimental work. 

Our equipment consists of a cold room 10 x 11 x 6.5 
feet in size, which is held at —14° F. This permits the 
rapid handling of a large number of samples from 
small to large size. The size of the sample depends 
entirely upon the amount of work to be done on the 
separated wax and oil. For routine control work 
where the melting point of a wax or the viscosity 
of an oil is needed, 5 grams of wax or 10 grams of 
oil is ample. Our procedure for such routine analyses 
is given as an appendix. Larger samples are handled 
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FIGURE 2 
Relationship between Melting Point and Yield of Scale Wax 


in similar manner, using containers and filters of 
suitable size. 

The reproducibility of the quantitative separation 
of wax from various classes of lubricants using the 
solvents recommended in Table 3 is given in Table 4. 

b. Examination of Oil 

As a rule, the wax-free or separated oil is sub- 
jected to cold-test determination to check the effi- 
ciency of wax separation, and to viscosity determina- 
tion for a measure of quality. For control purposes, 
the ASTM pour point is unsuitable because of its 
official 5° F. increments. In routine work the ASTM 
procedure is used; but as the temperature ap- 
proaches the expected pour point, the sample is 


TABLE 6 
Separation of Total Wax into Waxes of Various Melting 











Points 
Per Cent Melting 
of Total Point 
Wax (°F.) 

CI RN 8's 5 Oe he 100 115.2 
ee ere errr re rr 23 135.0 
| SERRA ARR Fess Gece Soi tee 77 108 .6 
eee arrears Pre 62 124.5 
pT Re peri hire end tara ee 38 97.5 
Estimated yields, percent............... 41.5 130.0 
Remainder, Pereee : ...:. ccs ects es 58.5 103.5 














tested every 1° F., and the exact solid point deter- 
mined and reported as the “cold test.” In the case of 
small samples, such as from a 10-gram analysis, the 
total recovered oil is placed in the pour-point jar, and 
the solid point determined. Repeated check tests 
have shown that, with as little as one-fourth the 
correct amount of oil, the cold test will be within 
two or three degrees of the correct figure. When the 
viscosity of the oil is required, it is determined in a 
Fenske tube (ASTM D 445-37T). 

c. Examination of Separated Wax 

In the majority of cases the only information re- 
quired from an analytical separation is the percent- 
age wax or oil content of the sample. Occasionally it 
is desirable to know the melting point of the total 
wax separated and the amount of wax of a given 
melting point in the total-wax separated. Due to the 
small samples of wax available, special procedures 
have been developed. 

A melting-point method using only 1 ml. of wax 
is described in detail in the appendix under “B.” 
With careful manipulation this method has been 
found to check the ASTM D 87-37 method within 
0.2° F. Table 5 gives a comparison between the two 
methods for several waxes. 

The estimation of the amount of a wax of a desired 
melting point which may be obtained from an oil- 
free wax sample is made by separating the wax into 
several fractions by solvent at different tempera- 
tures. The detailed method is given in the appendix 
under “C.” Table 6 gives the data from the separa- 
tion of a wax obtained from a Mid-Continent wax 
distillate. Two separations were made which, with 
the original values, give three points which are plot- 
ted in Figure 2. The upper curve represents the pre- 
cipitate, and gives the yield of wax of any desired 
melting point. The lower line gives the resultant 
melting point of the remainder. Thus, if a wax of 
130° F. melting point were desired, the available 
yield would be 41.5 percent, and the remaining soft 
wax (58.5 percent) would have a melting point of 
103.5° F. These data, of course, give the theoretical 
potential yield, and must be factored by the plant 
efficiency to give the probable commercial yield. 


APPENDIX 
Detailed Methods of Analysis 


A. ANALYTICAL SEPARATION OF WAX 
AND OIL 
Weigh the sample into a 125-ml. Erlenmeyer flask, 
and dissolve it in 100 ml. of solvent. Chill slowly to 
the temperature of —14° F. Pour the precipitated 
wax upon a cold filter (Buchner type of 9-cm. diam- 
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eter and 150-ml. funnel capacity) to which gentle 
aspiration has previously been applied to hold the 
solvent-wetted paper in place. (If the wax precipitate 
should be finely divided and tend to go through the 
paper, a filter aid such as “Hyflo Super-Cel” should 
be used. Two grams is sufficient for clean and rapid 
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separation.) Wash the precipitation flask with two 
25-ml. portions of cold (—14° F.) solvent, pouring 
each portion over the wax so that it has the max- 
imum washing effect. Use care in handling the as- 
piration so that the wax will not become packed or 
dry until after all the wash solution has been added 
to the filter. 

a. Recovery of Wax-Free Oil 

Catch the filtrate and washings in a tared 250-ml. 
Erlenmeyer flask. Place the flask and contents in a 
steam-heated oven, and allow to remain for about 16 
hours, or until all the solvent has evaporated from 
the oil. Use a temperature of 150 to 170° F. in evap- 
orating methylene chloride or mixtures of methylene 
chloride and acetone. Use a temperature of 190 to 
210° F. for evaporating the other solvents. Weigh 
the residue of wax-free oil, and calculate the percent 
wax in original sample by difference. 

b. Recovery of Oil-Free Wax 

Remove the filter funnel containing the wax, and 
connect with a tared 250-ml. Erlenmeyer flask. 
Warm the filter and dissolve the wax with hot ben- 
zol. Catch all the solution in the flask, and dissolve 
all the wax; 100 ml. of benzol is usually sufficient. 
Place the flask in a steam-heated oven, and evap- 
orate the benzol at a temperature of 190 to 210° F. 
as in procedure (a) above. Weigh the residue of 
solvent-free wax, and calculate the percent wax in 
the original sample. 


If only the percentage of wax is required, either 
method (a) or (b) may be used. In the case of rela- 
tively volatile oils, method (b) is preferable. 


B. DETERMINATION OF WAX MELTING POINT 


The wax sample is melted by heating on a water 
bath or in an oven at a temperature of 180 to 220° F. 
Pour 1 ml. of molten wax into a %-inch by 3-inch 
test tube, and then place a piece of 4-inch gum rub- 
ber tubing % inch long over the top. Work the tub- 
ing over a test tube so that the melting-point ther- 
mometer (ASTM D 87-37) can be inserted. Place the 
thermometer 1/16 inch from the bottom of the tube, 
and adjust the rubber tubing so that it makes a good 
seal and holds the thermometer in the center of the 
test tube. 

Rigidly suspend the assembly in a 2-liter beaker 
containing water and supported on a ring stand. The 
test tube containing the wax should be in the center 
of the beaker, and the top should be 1 inch below the 
water surface. Heat the bath slowly until the wax 
melts, and then heat to 5° above the observed melt- 
ing point. Another melting-point thermometer is 
used for stirring the bath and for gently striking the 
end of the test tube, thus agitating the molten wax 
and preventing super-cooling. This serves to stir the 
molten wax. Make 20 complete cycles per minute 
across the bath with the stirring thermometer, mov- 
ing the wax about the thermometer bulb each time 
that it is passed. 

Now, start cooling the water bath at the rate of 






0.4° F. per minute. Any convenient means of cooling 
may be employed, as long as the bath cools uni- 
formly at the rate of 0.4° F. per minute. Read the 
temperature of the thermometer in the wax every 
30 sec. to the nearest 0.1° F. Watch the molten wax 
closely for cloudiness, and record the temperature at 
which this occurs. 

The paraffin-wax melting point as determined by- 
this method is the temperature 0.1° F. below that at 
which melted paraffin wax, when allowed to cool 
under the above definite prescribed conditions, first 
shows a definite cloudiness in the molten wax due to 
solidification. 


C. DETERMINATION OF THE THEORETICAL 
SCALE-WAX YIELD OF DISTILLATES AND 
CRUDE PARAFFIN WAXES 


Analytically dewax a sufficient amount of wax 
distillate or crude wax, according to the methods 
previously outlined, to give 5 grams of oil-free wax. 
Conduct the separation quantitatively, obtaining the 
percentage of wax present, its melting point, and the 
pour point of the dewaxed oil. 

Weigh 2.5 grams of the oil-free wax into each of 
two 125-ml. Erlenmeyer flasks. Add 100 ml. of sol- 
vent (75 percent acetone and 25 percent methylene 
chloride) to each flask, and dissolve the wax sample. 
Use a thermometer for stirring the solution and 
checking its temperature. Cool the solution slowly 
in ice water to the selected temperature. The tem- 
perature of crystallization and filtration must be se- 
lected through a knowledge of the wax being exam- 
ined and the information desired. 

Swirl the flask, and pour contents into a cooled 
suchner filter funnel (full aspiration being applied).. 
The filtration should be very rapid and entirely com- 
pleted in about 3 minutes. Remove the funnel, and 
warm it by placing in a steam-heated oven. Place a 
tared Erlenmeyer flask under the funnel to receive 
the wax fraction. Use about 40 ml. of the warm sol- 
vent to wash adhering wax from the thermometer, 
crystallization flask, and funnel. 

Evaporate the solvent from the wax fraction ac- 
cording to the procedure previously given. Weigh 
the fraction, take its melting point, and calculate it 
as a percentage of the total oil-free wax in the orig- 
inal sample. Crystallize the remaining wax sample 
similarly and at the other selected temperature. Plot 
the melting points against total oil-free wax, and use 
the three points for drawing a curve. Use the proper 
factor for basing curve values on the original sample. 
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Control of Wax-Distillate Quality 


I]. Experimental Control of 
Slack-Wax Sweating 


JI. W. DONNELL 
University of Oklahoma, Norman, Okla. 
and 
E. A. BURCH 
Continental Oil Company, Ponca City, Okla. 


HERE is very little specific information on the 

experimental control of wax sweating given in 
the literature. Espach™* gives a comprehensive sur- 
vey of the industry, its equipment, and the methods 
generally employed in the manufacture of paraffin 
wax. Such a treatment, however, must necessarily be 
generalized; and it, therefore, leaves the individual 
refiner with his specific operating and control prob- 
lems in his dewaxing and wax-sweating operations. 

Continental Oil Company’s wax-plant equipment and 
operations consist of the conventional type of wax 
presses and pan sweat ovens. Two kinds of wax-press 
operations are carried out—the production of high- 
pour-point pale oils by means of a single pressing opera- 
tion, and the production of low-pour-point oils by a 
double pressing. This gives three kinds of slack waxes 
to be handled at the sweaters: 1, the single pressing 
slack; 2, “hot” slack wax from a pressing at 35 to 45° 
F.; and 3, cold slack wax from a pressing at —5 to 
O° F. The slack waxes from the pressing operation 
are charged to the wax-sweating plant, where the oil is 
“sweated” to leave a_ substantially oil-free wax or 
“scale” wax. The scale wax is refined to produce the 
grade of finished wax desired. 

There are a number of factors which affect the 
efficient sweating of the slack waxes. These factors 
vary continually due to changes in crude source, crude 
distillation, wax-distillate pressing conditions, grade of 
wax being made, and atmospheric conditions. A few 
questions to consider are: 

a. What sweater cycle will give the maximum quan- 
tity of finished wax per day, as distinguished from the 
maximum yield in percent of slack wax charged? 

b. What is the optimum quantity of intermediate 
waxes which should be cycled back through the 
sweaters? 

c. What effect will a new crude oil or a change in 
the wax-distillate cuts on the crude stills have on wax 
production? 

d. Should the different slack waxes be sweated sepa- 
rately or blended? 





® Figures refer to bibliography on p. 606. 
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e. What grades of finished wax as defined by melting 
points will give the greatest monetary return? 

f. How should the sweater cycle be changed to com- 
pensate for seasonal variations in atmospheric tem- 
peratures? 

g. What sweater-cake thickness will give the best re- 
sults under specified operating conditions ? 

These and many other questions best can be answered 
by the use of an experimental sweat oven which has 
been correlated with the plant sweaters. The sweater 
pilot plant designed by the authors, and used for a 
number of years at Ponca City, has proved of value in 
answering many of these questions. 


APPARATUS 


The pilot plant is shown diagrammatically in Fig- 
ure 1. The two sweat pans (1) are 12 inches by 24 
inches, and may be of any depth desired. Cakes from 





FIGURE 1 


Diagram of Experimental Wax Sweater 


6 inches to 12 inches thick have been used. The pans 
are equipped with separate run-off lines (2), and 
buckets are used as run-off receivers. The coils in 
the pans are of the same size and spacing as the 
commercial pans. 

The water heating-cooling system consists of the 
reservoir (8) which may be either cooled with am- 
monia or heated with steam, and the circulating 
pump (4). The water is circulated through the pan 
coils (5) and the venturi air heater (6). The plant is 
instrumented completely to give temperatures at all 
points in the system and to permit accurate control 
of the air and water time-temperature cycle. 


The use of the circulating-air system permits the 
duplication of any atmospheric conditions and of 
large plant sweats. The equipment is installed in an 
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insulated case which makes the sweating cycle en- 
tirely independent of weather conditions. 


CORRELATION OF PILOT SWEATER WITH 
PLANT SWEATER 


Preliminary tests on the pilot plant showed that 
sweatings made under the same time-temperature 
cycle as the plant sweaters would not duplicate the 
results. Under the same temperature conditions the 
pilot plant would sweat faster, i. e., would show a 
higher percent of run-off per hour than the large 
plant. The operating conditions for the pilot plant 
were varied until the experimental rate of sweating 
was identical with that of the large plant. 

By adjusting the air and coil-water temperatures 
in the experimental sweater, the plant sweating rate 
could be duplicated exactly. Consequently, when the 
plant sweating rate was duplicated, the plant yield 
was also duplicated. This could be expected, in~ 
asmuch as the experimental oven was designed as 
nearly as possible like the plant ovens. Several runs 
were made in which it was proved conclusively that 
the calibration cycle had been so adjusted that dupli- 
cation of plant yields was certain. A different cali- 
bration cycle would have to be formulated for each 
specific set of conditions. For example, one cycle was 
necessary to duplicate plant yields for high-melting 
slack wax from hot (40° F.) pressings, and another 
cycle for low-melting slack wax from cold (0° F.) 
pressing. The standard chilling and sweating cycles 
selected for the experimental pans are as follows: 


Standard Cycle for Average Conditions 











A. Chilling period 














Time of chilling, hours......... eta APRA ee Pee 12 
Temperature of air, “F................... ited hed icnee anna’ ae 
Eg i esc ccpencccecncenesce IO 
Temperature of water at end, °F... . iaicigwes pekn ae ees oe 
At end of chilling cycle, water is drawn and sweating begun. 
B. Sweating period 
Standard Standard 
Cold Hot 
Sweat Sweat 
(°F.) (°F.) 





Air and coil water are immediately raised 
To.. 80 85 


The above temperature is maintained f ir 5 hours 5 hours 
The temperatures of water and air are 

EE a aaa 3 
Until this temperature is reached. er 110 120 
This temperature is held until the scale oil 

and moisture are satisfactory........ 110 120 














(Note: 18 to 22 hours is normal sweating time for a cold sweat; 26 to 
32 hours is normal sweating time for a hot sweat. The above procedure 
is for sweating wax cakes of 6-in. thickness.) 


DISCUSSION 


The development of an experimental sweater 
which can be correlated with plant operation is the 
first important step toward control of plant wax 
sweating. With a slack wax of relatively constant 
character, a standard operating procedure can be 
adopted for both the experimental and plant sweat- 
ers. There are, however, three important factors 
which must be considered in controlling plant sweat- 
ing. These factors are all variables which may be in- 
vestigated or determined by an experimental sweater. 
These factors are: 

A. Composition of charging stock. 
B. Chilling temperature. 
C. Time cycle of sweater operation. 


Certain observations made with respect to each of 
these factors will be of assistance in investigating 
any wax-sweater control problem. 


A. COMPOSITION OF CHARGING STOCK 


There are three composition variables which affect 
the behavior of wax on any sweater. These charac- 
teristics of the charging stock are: 

1. Concentration of wax in the slack, or simply its 
oil content. 

2. Distillation range of the wax or the original 
wax distillate. 

3. The melting-point range of the wax in the 
slack. 

These characteristics determine crystal structure, 
which is the fundamental feature upon which a sat- 
isfactory sweating operation depends. 

1. Excessive percentages of oil in a slack wax 
cause too much of the wax to remain in solution 
during the entire solidification period. The crystal 
produced under these conditions is generally plate- 
like in character and quite similar to crystals pro- 
duced upon chilling a wax distillate. Phyala? has em- 
phasized the fact that slack wax should be produced 
with as little oil as possible. The oil content of slack 
wax depends upon the characteristics of the wax dis- 
tillate and wax-pressing operations. 

The effect of the oil content of slack wax upon 
scale-wax yields had never been appreciated fully 
until the development of dependable analytical meth- 
ods and an experimental sweater made such corre- 
lation possible. The analytical methods given in the 
first section were used in obtaining the oil content 
of many charges to both experimental and plant 
sweaters. These data represent slack waxes from a 
number of Mid-Continent crudes, and were obtained 
over a period of time which fully represents the va- 
rious operating conditions at this plant. 

Figure 2 shows the relationship between the oil- 
free wax content of the slack wax and the percent of 
the oil-free wax which will be obtained as scale upon 
sweating. The curve represents accurate experi- 
mental data obtained from the pilot plant, and the 
circles and dots represent the correlation of actual 
plant yields from cold slack and hot slack, respec- 
tively. Considering the variety of charging stocks 
and operating conditions covered by the data, the 
correlation between oil content of the slack wax and 
the yield of oil-free scale wax is excellent. In gen- 
eral, the cold and hot slack waxes show about the 
same relationship—except that the majority of the 
hot-slack yields show better than the average, while 
the majority of cold-slack yields show lower. Slack 
waxes containing more than 50 percent oil give no 
scale-wax yield; as it is difficult, if not impossible, 
to obtain a sweatable crystal structure on the sweat 
pan with such low wax concentrations. 

The variations from the average line (as devel- 
oped by the pilot plant) depend upon the source 
and quality of the original wax distillate. Experi- 
mental work indicates that the yields of scale wax 
from a given slack wax may be estimated by extra- 
polating through a known point for the given slack 
wax parallel to the average curve. 

This curve showing the relationship between oil 
content and scale yields has*been found to be very 
useful in plant control and experimental work. For 
instance, when the distillation range of a wax distil- 
late is known to be satisfactory, the yield of scale 
then will depend almost entirely upon the oil content 


Refiner & Natural Gasoline Manufacturer—V ol. 17, No. 11 





of the slack. The determination of the oil content of 
the slack and the use of the curve will give the ap- 
proximate scale yield which can be expected upon 
sweating. For example, the curve may be used to 


determine which press in a press house, or which: 





@ PLANT SWEATING—HOT SLACK 


© PLANT SWEATING—COLD SLACK 


——EXPERIMENTAL SWEATINGS 


> 


YIELD OF SCALE WAX ~ PER CENT 





OIL CONTENT OF SLACK WAX - PER CENT 


FIGURE 2 


Relationship between Oil Content of Slack Wax and the 
Sweater Yield of Oil-free Scale Wax 


leaves of a specific press, are operating abnormelly 
merely by determining oil content. This allows the 
slack wax to be evaluated directly to scale wax 
without experimental sweating. 

2. The higher-boiling waxes, if present in appre- 
ciable quantities in the slack wax, preclude the for- 
mation of a desirable crystalline structure. These 
mal-crystalline waxes powerfully impress their char- 
acteristics upon the highly-crystalline paraffin 
waxes. These higher-boiling waxes can be eliminated 
from the slack wax through the proper fractionation 
and control of the end point of the wax distillate at 
the crude stills. The presence of the higher-boiling 
waxes in a wax distillate makes a poor pressing 
stock which, in turn, usually produces a slack wax 
of high oil content. 


3. The melting-point range of the waxes in a slack 
is generally determined by pressing temperatures 
and press conditions. If a single low-temperature 
pressing is made, the slack produced will contain a 
wax mixture composed of a very broad range and 
having the lower-melting waxes mixed with the 
highest-melting ones. If two pressings are made, one 
at a high and one at a low temperature, then the 
higher-melting waxes should be separated from the 
low-melting waxes, provided a clean separation is 
made in the first operation. The slack waxes exam- 
ined in this investigation were produced by a double 
pressing operation—the hot pressing being made at 
40° F., and the cold pressing around 5° F. Some raw 
wax distillate by-passed the hot presses. The ratio 
of the production of hot slack to cold slack from the 
two pressings at that time was about 1 to 3. 

The effect of blending hot and cold slack and then 
sweating the mixture was determined. Experiments 
showed that a slight increase in total scale yields 
could be obtained by blending from 10 to 20 percent 
of hot slack in cold slack. Greater amounts of hot 
slack tended to decrease the scale yield. 
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These tests showed that some advantage can be 
obtained by pressing at two different temperatures, 
and sweating each slack separately. No appreciable 
quantity of scale, however, will be lost by sweating 
the slack produced bv a single pressing, provided the 
oil content of the slack is low. Another advantage 
of the double pressing and sweating is the separation 
of the scale into waxes of two different melting 
points. 


B. CHILLING TEMPERATURE 


The conditions under which slack wax chills or 
becomes solid on the sweater pans are extremely im- 
portant, because these largely determine crystal 
structure. Improper chilling in poorly-controlled 
equipment may produce a wax cake which does not 
have the desirable crystalline structure. Phyala? and 
Kaufman* both bring out the fact that slack wax 
must be chilled slowly if it is to crystallize properly 
for good sweating. If it is chilled rapidly, the crystals 
will separate out quickly, and be small in size ; where- 
as if the solution is chilled slowly, the crystals will 
separate out slowly, and have sufficient time in which 
to grow to a large size. Fortunately, however, the 
most rapid plant chilling rates do not usually injure 
the size of the wax crystals. As a matter of fact, fast- 
chilling rates generally are precluded because of the 
high insulating properties of the wax itself. Small 
crystals caused by shock chilling often grow consid- 
erably in size after the sweating cycle is started. 
Moreover, the slack wax. must be chilled to a tem- 
perature low enough to crystallize out practically all 
the wax, or at least more than is desired in the fin- 
ished scale. 


The chilling of slack wax in pan sweaters is accom- 
plished by the use of both air and water. Water cir- 
culating through coils in the wax removes the in- 
ternal heat while the surface is cooled by the air. 


In plant operation, we have observed that scale 
vields were sometimes abnormally low in the sum- 
mer months—although the usual operating condi- 
tions were apparently normal. How much of this 
effect was due to atmospheric conditions is debatable. 
A series of experimental sweatings was consequently 
carried out to determine the exact effects of summer 
conditions. Typical plant stocks were used, as well 
as the standard sweating cycles which had just been 
developed. In carrying out these experiments, the 
chilling-water temperature was decreased regularly 
from 83 to 73° F. for all runs, and the air tempera- 
ture was held constant for each run. Air temperatures 
of 75, 90, and 105° F. were used. The chilling time 
was 12 hours in all cases. It was found, as shown in 
Figure 3, that in the case of cold slack the scale 
yields dropped off when higher chilling air tempera- 
tures were employed; moreover the wax was some- 
what harder to sweat at the higher temperatures. 
This confirms theoretical considerations regarding a 
desirable crystalline structure of slack wax. The good 
crystal structure of cold slack wax cannot be ob- 
tained at the higher temperatures, because too much 
of the wax remains in the solution and is not crys- 
tallized out. 


In the case of cold slack waxes having very low 
oil content, the effect of high air temperatures is not 
as great. This is due to the increase in melting point 
of the wax-oil mixture as the proportion of oil de- 
creases. 


The effect of chilling air temperatures on scale 
vields from hot slack was quite different. The same 
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chilling temperatures were used, and it was found 
that hot-slack sweats were not sensitive to changes 
in chilling air temperatures under the usual range of 
operating conditions as shown in Figure 3. In other 
words, the wax yields were as high using tempera- 
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FIGURE 3 
The Effect of Air Temperature upon Scale-Wax Yields 


ture corresponding to summer conditions as they 
were using temperature corresponding to winter con- 
ditions. This behavior is due to the fact that the hot 
slack contained only high-melting waxes which melt 
around 125° F. 


Figures 4 and 5 show the effect of chilling air 
temperature upon the temperature obtained in the 
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FIGURE 4 
The Effect of Air Temperature upon Cold Slack-Wax Cake 
Temperature during the Chilling Cycle 





slack-wax cake on the sweating pans at various 
depths. These temperatures were obtained by placing 
thermometers at various depths in the wax cake dur- 
ing the chilling period. In the case of cold slack (Fig- 
ure 4) the effect of the warm chilling air can be seen 
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The Effect of Air Temperature upon Hot Slack-Wax Cake 
Temperature during the Chilling Cycle 


all the way to the bottom of the cake; while in the 
case of the hot slack (Figure 5) the effect of the 
warm air extended to a depth of only a few inches. 
The difference is due to the fact that the high-melting 
hot slack very quickly formed an insulating layer 
of solid wax at the interface between the air and the 
slack. 


C. EFFECT OF LENGTH OF SWEATING CYCLE 
ON SCALE YIELDS 


The yield of scale wax from a sweating depends 
upon the length of cycle employed when other fac- 
tors are the same. Long cycles give greater yields 
than short ones, but it is not profitable nor practical 
to lengthen them beyond certain limits. It is usually 
cheaper to sweat a greater amount of re-cycle stock 
and lose some yield than it is to maintain a sweat- 
house of adequate capacity for the extremely long 
cycles. The most economical length of chilling and 
sweating cycles to employ best can be determined 
through experimental sweatings of the particular 
stocks. 
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Control of Wax-Distillate Quality 


Il. Control of Lubricating-Oil 
Distillates by Vacuum Distillation 


L. L. DAVIS and ANTON NELSEN 
Continental Oil Company, Ponca City, Okla. 


HE control of the quality of wax distillate by 

vacuum distillation under 40-mm. pressure™ has 
been continued as routine in the Continental labora- 
tories. It was fund, however, that the U. S. Bureau 
of Mines apparatus®* was unsatisfactory, necessitat- 
ing the development of modified equipment and new 
methods which are now in use. 

The U. S. Bureau of Mines apparatus gave poor 
reproducibility between different units and different 
operators on the same units. Attempts to correlate 
the distillation data with pale-oil and wax yields 
were unsatisfactory. There seemed to be no uniform 
relationship between the viscosity and the mid-distill- 
ing temperature of individual cuts. A study of the 
apparatus showed the chief difficulty to be in the 
small vapor line (5/16-inch) and the resultant re- 
sistance to flow of the vapors. This back pressure 
caused surges during distillation, and an excessive 
amount of cracking or viscosity breaking in the flask. 
The large surface of the condenser held up appreci- 
able quantities of viscous and waxy oils, and the 
variable temperature of the condensate resulted in 
inaccuracies in the reading of the oil volume in the 
receiver. 

The new vacuum-distillation equipment, designed 
to overcome these difficulties and to increase the ease 
of operation, is so completely different that a detailed 
description of its construction and operation is ad- 
visable. 


APPARATUS 


The general assembly of the apparatus is illustrat- 
ed in Figure 1, while details of construction of the 
glassware are given in Figure 2. In the following 
description the numbers in parentheses correspond to 
the items of equipment in the figures. 

A. Glassware 

The pyrex glassware is of special construction, the 
dimensions of which are given in Figure 2. Standard 
interchangeable ground-glass joints are used through- 
out. 

(1) Flask, 500-ml. capacity, 200-ml. charge. 

(2) Special distilling head. The flask and distilling 
head are insulated with plastic asbestos insulation, 
the surface of which is hardened with powdered- 
asbestos—sodium-silicate cement. 

(3) Condenser tube, 10.3-mm.-inside diameter, is 
bent as shown in Figure 1 to fit the individual con- 
denser boxes in which it is held by neoprene stoppers. 

(4) Thermometer jacket and ASTM high-distilla- 


“ Figures refer to bibliography on p. 613. 
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tion thermometer, D 86-35. The position of the ther- 
mometer in the head and jacket must be adjusted 
accurately to obtain reproducible distillation temper- 
atures and end points. The thermometer is located 
and held in the jacket by means of a heavy neoprene 
tube. The thermometer-bulb location is determined 
by trial and error until the end point checks within 
1° F. of that obtained on the distillation unit pre- 
viously adopted as standard. Because of variations 
in the heads, this does not occur at the same level 
with reference to the vapor outlet. 

B. Condenser Box 

(5) The condenser box is of metal, size 4 inches by 
6 inches by 6 inches deep, and is equipped with two 
beveled sleeves for the No. 7% neoprene stoppers 
which hold the condenser tube. 


(6) Temperature controller. For accurate measure- 
ment of distillate volume, the temperature of the con- 
denser water must be held within 2° F. This is ac- 
complished with an Aminco “Sturdy” Thermoregula- 
tor, Catalogue No. 1021-02. 

(7) Immersion heater, W. H. Curtin and Company 
immersion low-drift heater, Catalogue No. 9668, Se- 
rial C—200 watts. 

C. Distillation Heater 


(8) The heater is of special construction, consist- 
ing of a metal case 5 inches by 5 inches by 6 inches 
deep, and lined throughout with Transite asbestos 
board, % inch thick. 

(9) The upper Transite board carries the flask, and 
is reamed out to fit exactly the contour of the flask. 


(10) The heating element is a Precision Scientific 
Company 110-volt 750-watt heater element, and is 
vertically adjustable in the heater case to give the 
end point without overheating the flask. 


(11) Heat control: The current of the heater is 
controlled either by a rheostat or Variac transform- 
er. An ammeter is used in the circuit for easy setting 
of the controller. 

D. Distillate Receiver 


The Bruhl type of receiver was retained, but was 
enlarged to permit the use of receiving tubes up to 
100 ml. in size. It was found impossible to obtain 
large-sized molded-glass jars which would stand sat- 
isfactorily the low pressures involved. After several 
failures, the present design of open-end glass cylin- 
der with metal-plate closures was adopted, and it 
has proved very satisfactory. 


(12) Special pyrex glass cylinders, 734-inch inside 
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diameter by 12 inches high and %-inch wall thick- 
ness, are ground so accurately that no clamps are 
required to hold vacuum. 

(18) The cover is of %-inch brass turned with a 
shoulder to retain a rubber gasket, and is equipped 
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bottom closures are made vacuum-tight by the use 
of rubber gaskets and a cement made of 10 percent 
rubber latex in petrolatum. 

(18) The receiver-tube rack is adjustable vertically 
to hold tubes of different heights. Tubes from 100-mi. 
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FIGURE 1 


Diagrammatic Design and Arrangement of Vacuum-Distillation Equipment. 


with a reamed hole (14) for a size 12 neoprene 
stopper for inserting and removing the distillate- 
receiving tubes; a reamed hole (15) for a size 7 neo- 
prene stopper for the condenser tube; a packing 
gland (16) for the rotating tube rack; and a 44-inch 
pipe connection (17) for the vacuum. The top and 
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capacity down to as small.a size as desired may be 
used. 

(19) The regular receiver tubes are 25 mm. by 250 
mm., and are calibrated by milliliters to a capacity of 
70 ml. This permits the 200-ml. distillation to be 
made with only three “cuts.” As the rack holds 12 
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tubes, 4 distillations may be made before the receiv- 
er need be opened for tube replacement. 
E. Vacuum Source and Controller (Not Shown) 
The vacuum system, attached at (17), consists of a 
Cenco Hyvac pump operated by a special General 
Electric Capacity-Start Capacity-Run 1/10-horse- 
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high to prevent the waxy viscous distillate from 
solidifying and “holding up” in the condenser. 
The oil is weighed into the flask in order to over- 
come inaccuracies due to wetting loss and tempera- 
ture-volume correction. The correct weight of wax 
distillate to equal 200 ml. at 110° F. is calculated from 
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FIGURE 2 


Detail Design of Glassware for Vacuum-Distillation Equipment. 


power, 960-r.p.m., 110-volt AC, type KC, model 5KC 
1{9AB 599 motor. This motor permits the vacuum to 
be controlled by starting and stopping the motor. 
The automatic control system is the usual electric- 
contact mercury manometer which actuates an Amer- 
ican Instrument Supersensitive Mercury relay, Cata- 
logue No. 4-290 and Rectron No. 4-460, which starts 
and stops the motor. 

The vacuum connection (17) on the receiver is 
equipped with a valve and pin hole for the slow relief 
of the vacuum. If the vacuum is relieved too rapidly, 
the jar or glass joints may be broken. 


OPERATION 


As wax distillate may be solid at room tempera- 
tures, the measurement and handling must be carried 
out at higher temperatures. It has been found that 
110° F. is a satisfactory temperature for measure- 
ment; and that, with the condenser held at 120° F., 
tlhe oil in the receiver tubes will be within a few 
degrees of 110° F. This temperature is sufficiently 
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the gravity of the distillate. 

The charged flask is attached to the apparatus, and 
the system is exhausted to 40 mm. The heater is 
turned on, using 7 amperes to start. After the initial 
boiling point, the current is adjusted to give a dis- 
tilling rate of 6 to 7 ml. per minute. This requires 
between 6 and 7 amperes. After the 90-percent point, 
the current is adjusted to 7 amperes for the end-point 
determination. The heater should be so regulated that 
the entire time from initial boiling point to end point 
is 30 to 32 minutes. The temperature at the initial 
boiling point, each 5 percent recovered, and the end 
point are recorded. Cuts are made at the 35-percent 
and 70-percent points—leaving the final cut 30 per- 
cent, or 60 ml. This last cut is retained for viscosity 
determination. 

Reproducibility 

With ordinary laboratory control using different 
sets of apparatus and different operators, the follow- 
ing accuracy has been obtained: 

The flask and distilling-head proportions were de- 
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signed and developed to give approximately the same 
distillation range for a given distillate as was ob- 
tained by the old U. S. Bureau of Mines apparatus. 
The relationship between the distillation tempera- 
tures obtained by the old and new apparatus is shown 
graphically in Figure 3. In view of the reproducibility 
of the new apparatus, as given above, the vertical 
deviation from the mean curve represents approxi- 
mately the error of the old method. The large error 
at the initial boiling point is due to the hang-up of 
the initial condensate in the cold condenser. 


DISCUSSION 


The distillation, or boiling-point, range of a wax 
distillate is generally accepted as the most accurate 
available measure of its quality. There is no correct 
distillation range for all wax distillates ; because this 
is not an inherent or fixed characteristic, but depends 
upon crude source, efficiency of fractionation, wax- 
pressing conditions, and the character of the wax. 
For any given set of these conditions, the optimum 
distillation range must be determined by the corre- 
lation of experimental with commercial results. Hav- 
ing established the desirable distillation characteris- 
tics of wax distillate for a given operation, the method 
becomes an accurate, dependable routine control 
method. 

Inasmuch as the maximum production of viscous 
pale oil is usually of primary importance, the two 
factors to be considered are wax-press throughput 
(barrels per day) and the actual yield of pale oil from 
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FIGURE 3 


Comparison of Distillation Data Obtained by U. S. 
Bureau of Mines vs. New Equipment. 


the pressed distillate. Assuming satisfactory crystal 
structure, the wax-press throughput is determined 
principally by the viscosity of the distillate. The vis- 
cosity of the distillate is controlled by the breadth 
of cut at the distillation unit or by blending a more 
viscous cut with a less viscous distillate. 
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The yield of pale oil of desired viscosity from a 
given distillate cannot be estimated by any one or 
several distillation points (such as the 90-percent 
point) but is more correctly the summation of the 
entire upper 40 to 50 percent of the distillate. This 
can readily be estimated by the use of the viscosity 
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FIGURE 4 


Viscosity—Mid-distilling—Temperature Relationship of Wax 
Distillate Produced from Oklahoma City Crude by Vacuum 
Distillation 
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—mid-distilling—temperature relationship of the in- 
dividual cuts as suggested by Beiswenger and Child.* 
As an example, three wax distillates of approximately 
the same characteristics were distilled in the new 
apparatus, and cuts were made between the 55- and 
70-, 70- and 85-, and 85- and 100-percent points. The 
viscosity of each cut was determined. The data are 
given in Table 1. The distillates were from the vac- 
uum distillation of Oklahoma City crude (W1), the 
vacuum reduction to cylinder stock of eastern Osage 
County crude (W2), and the single-flash atmospheric 
reduction to cylinder stock of the Osage crude (W3). 

The data from several distillations of the Oklahoma 
City distillate are plotted in Figure 4. The viscosity 
(ordinate) axis is plotted in the regular ASTM vis- 
cosity-temperature scale (D 341-37T) expanded to a 
desired degree. The temperature (abscissa) axis is 
plotted as the logarithm of the absolute temperature, 
but is indicated as “° F.” With these scales, the vis- 
cosity of each cut plots as a straight line against the 
mid-distilling temperature of the cut as taken from 
the distillation curve at 40 mm. pressure. These data 
from the several distillations show the reproducibility 
of the method. 

For a given crude, this viscosity-temperature rela- 
tionship is a reasonably dependable constant. It, 
therefore, represents an easily-determined measure of 
some change in crude quality such as wax content, 
crude contamination, or of the crude-distillation-unit 
efficiency. In routine control testing, the last 30-per- 
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cent cut (70 percent to end point) is retained, and its 
viscosity at 100° F. determined in a Fenske tube 
(ASTM D 445-37T). The viscosity is checked against 
the 85-percent distilling temperature (i. e., the mid- 
temperature for a 70- to %00-percent cut) on the 
standard chart (as in Figure 4) for that crude. If the 
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FIGURE 5 


Viscosity—Mid-distilling—Temperature Relationship of Wax 
Distillates Produced from Osage Crude by Vacuum and 
Atmospheric Distillations 


given point varies materially from the standard curve, 
an investigation should be started to determine the 
cause of the variation. 

The viscosity-temperature relationship may vary 
widely among distillates from different crudes, or 
from the same crude distilled in different types of 
equipment. Figure 5 shows the data for the Osage 


crude reduced to a cylinder-stock residuum: 1, (W2) 
by vacuum distillation ; and, 2, (W8) by a single flash 
at super-atmospheric pressure (30 pounds, absolute). 
This shows that there is an appreciably greater ther- 
mal cracking or “viscosity breaking” in the atmos- 
pheric still as compared with the vacuum unit. As an 
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Viscosity—Mid-distilling—Temperature Relationship of 
Pressed Distillates from Oklahoma City and Osage 
Crudes 


example, the viscositv at the mid-temperature of 580° 
F. for the vacuum distillate is 215 sec., as compared 
with 190 sec. for the atmospheric distillate. The dif- 
ference in crudes is shown by the fact that the Okla- 
homa City distillate viscosity at 580° F. is 205 sec., 
as given in Figure 4. 

The wax content of a distillate affects the viscosity 






































TABLE 1 
Distillaton Data 
WAX DIST!'LLATE PRESSED DISTILLATE 
Oklaboma Osage Oklatoma Osage 
City Osage Atmos- City Osage Atmos- 
Crude Vacuum pheric Crude Vacuum pheric 
Lat, IETS ROOM Et LGR TERT NOT wi w2 Ww3 P1 P2 P3 
Distillation in °F.: 
cee I RE ee PEPE ere Fee 284 286 280 290 274 282 
EER CRE PT oe ee es 398 394 432 397 378 420 
NN No sine dake arate bic he somiclg 2 wei 428 424 447 426 410 440 
RS SOCR Si ara ee ee ee ae ee 449 437 458 451 436 457 
fo eee en Re eRe POE Pree hot 469 469 473 471 460 470 
I oo. orgs wl nrstarne tieck gata ve pRET RS 488 491 488 492 483 488 
ee OT ere eee een ret 509 510 508 513 506 507 
I I. ie i ctlels cigs ie Unlove tes Deo 529 530 530 532 526 528 
NIN ae aka sidisciteis ba paar 554 551 555 554 549 551 
NS on, oo S605 po case pe eas sa biaeede 567 562 568 567 559 563 
ce RR cay hee prin ; 584 578 581 581 572 576 
IR os ces ocd. LS per erh ha eee D vale woe 635 610 616 636 608 612 
Cut 55 to 70 percent: 
MNS 0505.6 55-5 yas ale eds acide b's aga Bi8 4ee 513 515 514 517 512 512 
WS oe Slarcic Mien ahs code a bers Koy aed alot 91 95 91 106 106 101 
Cut 70 to 85 percent: 
MNOS. 5-0 oa. 5 <b os 5. > oss ets eie and Se 548 547 548 548 542 547 
ES Fe aa ia a eidna bau Pd gat ese rata 133 139 133 166 168 155 
Cut 85 to 100 percent: 
IND 55. 556k 0k ou oS viels Ode hcedaakas 596 586 591 592 578 584 
WR ois sR TN aha ed eae ale ak eaa RDA Oe 258 235 224 335 314 280 
' 
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of a given waxy cut; therefore, the above relationship 
is a measure of pale-oil yields only as long as the wax 
content does not change. The same relationship can 
be established for the content of viscous pale oil of 
the distillate after dewaxing. 

The three wax distillates discussed above were de- 
waxed by double pressing to give a pressed distillate 
of 0° F. pour point. These dewaxed distillates were 
distilled in the new apparatus, and the viscosity of 
the last three 15-percent cuts determined. The distilla- 





TABLE 2 
Estimated Yield of 200 Pale Oil 














Osage 
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City Vacuum pheric 
Mid-temperature at 175-viscosity, 
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en Te TATE EREe 79.0 78.3 81.8 
Estimated yield of 200-viscosity pale 
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FIGURE 7 


Revised Vacuum-Distillation Apparatus Used for the Examination of Lubricating-Oil Distillates 


tion data are given in Table 1, and the viscosity- 
temperature characteristics are plotted in Figure 6. 
From these data it is possible to estimate the pale-oil 
content of any desired viscosity ; thus, the Oklahoma 
City pressed distillate shows a mid-temperature of 
560° F. for a viscosity of 200 sec. This temperature 
corresponds to a mid-percent of 82.2 percent. The 
content of raw pale-oil 200 viscosity is found to be 
35.6 percent. 
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The 35.6 percent does not represent the yield of 
raw pale-oil stock of 200 viscosity, which might be 
obtained from a commercial reducing still. The lab- 
oratory distillation gives a much lower yield because 
of: 1, lack of fractionation; and, 2, thermal viscosity 
breaking due to the long time at high temperature. 
It is possible to select by trial.and error a viscosity, 
which when applied to the viscosity-temperature 
chart, as outlined above, will give a percentage yield 
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closely approximating the yield of desired pale oil 
which will be obtained from a commercial unit. Thus, 
for the distillates in question, the percentage of a cut 
having a viscosity of 175 sec. will be about the same 
as the percentage yield of raw 200 pale oil which will 
be obtained from an atmospheric single-flash reduc- 
ing still. 

Table 2 gives the results of such an estimate of 
200 pale-oil yields from the three pressed distillates. 
The first step is to obtain, from Figure 6, the mid- 
temperature which corresponds to a viscosity of 175 
sec. for each distillate. The mid-percent correspond- 
ing to this mid-temperature is then obtained from 
the distillation curve for each distillate. The esti- 
mated pale-oil yield is calculated from the mid-per- 
cent point by doubling the difference between 100 
and the mid-point. 

CONCLUSION 

A routine laboratory vacuum-distillation apparatus 

and procedure have been developed which give suffi- 





ciently reproducible results for accurate wax-distil- 
late control. For a given crude source and commercial 
distillation unit, the viscosity—mid-distilling—-tem- 
perature characteristic may be used to estimate pale- 
oil yields. In the case of distillates from different 
crudes or from different distillation units, it is neces- 
sary to use the viscosity-temperature characteristics 
of the dewaxed distillate to estimate relative pale-oil 
yields from the different distillates. 
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Control of Wax-Distillate Quality 


IV. Survey of Oklahoma 
Wax Distillates 


J. W. DONNELL 
University of Oklahoma, Norman, Okla. 


It was brought out in the previous papers that 
fairly-close control must be maintained in the process- 
ing of wax distillates if satisfactory yields of the 
desired scale wax and pale oils are to be produced. 
Inasmuch as many different control methods have 
been used in Oklahoma refineries, and due to the 
further fact that each refinery’s distillate may be dif- 
ferent, it was decided that a survey of the pressing 
and sweating characteristics of such distillates under 
one set of control methods would prove enlightening. 
This survey was confined to wax distillate produced 
in Oklahoma, and was made possible through the co- 
operation of several lubricating-oil refiners who do- 
nated 10 barrels each of wax distillate. 

This paper covers the data obtained from pressing 














TABLE 1 
Calibration of Experimental Sweat Pans 
SCALE-WAX YIELD 
Kind Melting Oil and 
of Point Moisture 
Slack Sweating (Percent) (ASTM) (Percent) 
Continental plant...... 29.8 132.6 0.64 
Hot... Continental experimental 28.9 133 .3 0.40 
*OU.experimental........ 30.3 131.5 0.70 
Continental plant....... 16.6 121.0 0.54 
Cold.. Continental experimental 19.1 120.9 0 80 
*OU experimental....... 20.6 121.0 0.70 

















University of Oklahoma. 
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this series of wax distillates in the University of Okla- 
homa wax press and sweating the slack wax from the 
pressings in a plant-calibrated air-conditioned sweater. 


APPARATUS 


The pressing equipment consisted of a double-pipe 
chiller 6 inch (inside pipe) by 32 feet long, of the type 
generally known as a Carbondale. chiller. Boiling 
anhydrous ammonia in the annular space between the 
6-inch and 8-inch pipe was used as the chilling me- 
dium. An ammonia compressor was connected to the 
annular space. The wax distillate was charged with 
a 1-inch x 83-inch triplex pump. This was augmented, 
however, by a 6-inch x 3-inch x 3-inch reciprocat ng 
pump to take care of the initial high charging rate. 
The press consisted of twelve 48-inch standard wax- 
press blankets separated by rings % inch thick. The 
press was located in a well-insulated and refrigerated 
cold room 10x 10x 40 feet. 


The sweater used in sweating the slack wax from 
the press was a duplicate of the experimental sweater 
built by Continental Oil Company and described in 
the second paper of this series. 

To be assured that the University sweater would 
duplicate the results obtained on the Continental ex- 
perimental sweater and the Continental plant 
sweater, calibration runs were made. This was ac- 
complished by charging the same slack wax to the 
plant sweater and both experimental sweaters. Both 
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hot and cold slack waxes were used for these calibra- 
tions. 

The experimental sweating cycle used in this cali- 
bration has been described in paper II under the cap- 
tion “Standard Sweating Cycle.” The results are pre- 
sented in Table 1. The data show that the Univer- 
sity sweater checked both the Continental experi- 
mental and plant sweaters remarkably well. 
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FIGURE 1 


Relationship between Melting Point and Yield of Scale Wax 
from Hot and Cold Slack Waxes Used in Calibrating Experi- 
mental Sweater. 


The analytical method for determining the maxi- 
mum theoretical scale-wax yield from slack wax de- 
scribed in paper I was applied to both the hot and 
cold slack used in the calibration run. Through the 
use of this theoretical scale-yield determination, it 
was possible to determine the efficiency of the three 
sweaters. Figure 1 shows the theoretical scale-yield 
curve for the two slacks used. 

It will be noted from the curve that the theoretical 
vield of scale wax varies with the melting point of 
the wax desired; therefore, in calculating the effi- 
ciency of the sweaters, it was necessary to select the 
melting point of the wax produced on each individual 
sweater as the basis for obtaining the maximum 
theoretical scale yield from Figure 1. Table 2 shows 
the efficiency of the three sweaters on both hot and 
cold slack wax. 

Calculating the efficiency data in Table 2 involves 
factoring the theoretical yield of wax of a certain 
melting point, as shown in the curve by the actual 
percentage yield obtained. For example, the sweat- 
ing of hot slack wax on the Continental plant sweater 


TABLE 2 
Relative Sweating Efficiency 











Melting Point 
of Scale Percent 

(Same as Efficiency 

‘ —, of | aoe pag 

ctually (Based on 

KIND OF SWEATING Produced) Theoretical 
Continental plant, hot sweat........... 132.6 59.1 
Continental experimental, hot sweat... 133.3 59.8 
*OU experimental, hot sweat........... 131.5 56.1 
Continental plant, cold sweat.......... 121.0 57 .6 
Continental experimental, cold sweat. . . 120.9 65.9 
*OU experimental, cold sweat........... 121.0 71.8 














*University of Oklahoma. 
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gave a yield of 29.8 percent wax with a melting point 
of 132.6; whereas the curve shows a theoretical yield 
of 51 percent of wax with a melting point of 132.6. 
Therefore, the efficiency of the operation is: 

29.8 

— X 100= 59.1 percent. 

51.0 

These calibration runs were merely single sweat- 

ings. For a plant operating with a balanced re-cycle 
of intermediate waxes, the sweater efficiency is 
higher than that shown. The ultimate commercial 
plant efficiency depends upon the completeness with 
which intermediate waxes are re-cycled through the 
sweater. 


CHARACTERISTICS OF WAX DISTILLATES 


The proper control of wax-distillate processing re- 
quires extensive and regular laboratory inspection of 
the wax distillate. This investigation included the de- 
termination of distillation range, viscosity, saturation 
point, crystal structure, and wax content of each of 
the wax distillates studied. The results of these tests 
are shown in Table 3. The importance of each of 
these tests justifies a more detailed discussion. 
Distillation 

The laboratory distillation of a wax distillate under 
reduced pressure is generally accepted as the most 
accurate available measure of the quality of the distil- 
late. It does not follow, however, that distillates from 
different crudes or distillates from the same crude 
produced from different types of distillation equip- 
ment will have equal quality for the same boiling- 
point range. 


The five survey samples of wax distillate were dis- 
tilled under 40 mm. pressure in the vacuum-distilla- 
tion equipment described in paper III of this series. 
The distillation data are given in Table 3, as well as 
the viscosity of the last three 15-percent cuts. The 
viscosity vs. mid-distilling-temperature characteris- 
tics are plotted in Figure 4. This shows such a sur- 
prisingly wide range of viscosity vs. boiling-point char- 
acteristics that it is evident that an attempt to esti- 
mate the relative quality of the distillates by distilla- 
tion range alone would be quite difficult. 

In general, the five distillates show a very wide 
range in boiling-point characteristics, both as to the 
over-all breadth of cut and as to intermediate points; 
thus the 80-percent point, which is approximately the 
mid-distilling temperature for the viscous pale-oil 
fraction, ranges from 552° F. in sample No. 5 to 580° 
F. for sample No. 2. This indicates that a great differ- 
ence in pale-oil yields could be expected from the dis- 
tillates. The question of pale-oil yields will be dis- 
cussed in detail in connection with the characteristics 
of the pressed distillate. 

Distillate No. 8 was not a straight cut from the 
crude stills, but was a blend of equal quantities of 
virgin wax distillate and a re-cycle stock from the 
sweating operation. It consisted mainly of foots oil 
and slack-wax intermediates. This would result in a 
higher ratio of low- to high-melting-point waxes, and 
it might be expected that the pressing quality would 
be poor in spite of the relatively-narrow boiling-point 
range of this distillate. 


Viscosity 


The viscosity of the wax distillates was determined 
by both the Saybolt Universal and the Fenske modi- 
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TABLE 3 
Wax-Distillate Characteristics 











Wax Distillate No. : 1 2 3 4 5 
Viscosity (Saybolt Universal) at 100 °F., sec............ 00... ce eee eee 69.8 76.4 73.0 70.0 58.0 
SI PE, Fs alison Tae as Pale ee wr gid bk P ae catch eee 70 60 68 67 69 
oo ig ean g oie ey. sare be aleve Mee acme bdelW Ook ase eRe 9.1 11.3 12.8 6.1 9.5 
SN Eg ONS Sd Sic 5 ck kc tes wee bin oa lhe e een eres 116 121 116 117 116 
Distillation, in °F., at 40 MM.: 
I y's 2 5. 6. vag's.olvi la, ois. Gs aces singh Wasa UVR e a RMR OTE 295 200 202 294 216 
PING 02 S55 ss «ois log od Ste STNG A ok Bae win se SEED eee een be tne Meee 386 395 428 391 366 
NS oss i. oa. abodes a aU edihin, ks ced wk me SR at, eck diate TLE Se TEN 406 433 460 408 400 
IE, 85.4.0 0:6,5.6:A.08 rai rd Lieve \erkne.p)sie a aled aS RR Cae Ua Obs ian 426 457 476 423 424 
I a isselg, win pie sl ais xs le occas, s -havth din bald oimace 5 A SAE Rite 451 483 492 448 451 
Is 225 £8 Seas ou 5 a6! Shana, vd Aare aie gO eae ema ad Re RE 478 505 506 476 473 
I hc kt da cs GAs ey cs i Ne pence gies Syiboanaten 510 532 520 508 495 
NII Ss Soa aes 26:5 'S 5 a ore ea ay Seek ewe RRS ee 539 555 534 536 523 
I oi 67515 0.5 ols <P g 0k Rae Oa sie aes MER EOES 571 580 554 568 552 
on a. 5 a, «ral £5, 5 -ba-wllo aide ee basta waned y wiev aed Leal iealaet 585 592 564 581 565 
NS oie kind ks alc Ciaae a ddnweia se ec Cabhdd buawee SERA 602 608 579 600 582 
Aa a REIS pe eer hae wore RE ep ete ee ees 640 648 620 637 623 
Cut: 55 to 70 percent: 
Viscosity (Saybolt Universal) at 100 °F., sec.....................4- 101 120 96 98 17 
Ne iyo ncc'o ig si okid aed, pain’ Gack da s Gace pedarena be Klee 517 538 523 514 502 
Cut: 70 to 85 percent: 
Viscosity (Saybolt Universal) at 100 .°F., sec........ 20.0... eee eee ee 178 181 129 172 117 
III sd hits wa pce Cardia vss sec eadess Cbevckeee 564 574 549 559 545 
Cut: 85 to 100 percent: 
Viscosity (Saybolt Universal) at 100 °F., sec... ..............00 eee 365 323 215 354 222 
III TUS ogc snc Ga oc kwh iye-s° x wip saci acta Sans cele ae 612 617 590 610 594 
Estimated 160-viscosity content: 
Mid-temperature for 160-viscosity, °F.................00 cece ee eeee 563 570 584 554 585 
eee RGA Reet sere re ae re eet er 77.5 75.6 91.0 75.5 90.5 
Estimated content of 160-viscosity waxy oil, percent................ 45.0 48 8 18 49.0 19 























fied Ostwald viscosimeters. The results are given in 
Table 3 as Saybolt seconds at 100° F. 


Saturation Point 


The saturation point of a wax distillate is the tem- 
perature at which the first crystals of wax separate 
from the oil. It is determined by observing a drop of 
the distillate as it is slowly cooled on a microscope 
stage. 


Crystal Structure 


Photomicrographs of the distillates were made in 
order to determine the type of wax crystal that would 
be obtained on chilling each distillate. As is well 
known, oil containing amorphous wax or fine needle- 
like crystals will neither press nor sweat satisfactor- 
ily. The examination under the microscope has proved 
a valuable, although not an infallible, aid in deter- 
mining the quality of wax distillates. It appears to be 
the consensus of opinion that poor-quality wax will 
always give a poor crystal in the photomicrograph. 
A fair-quality distillate, however, may at times show 
wax crystals that would indicate a poor pressing 
stock. 

The procedure used in making these photomicro- 
graphs was developed by the research department of 
Tide Water Oil Company, and described in detail by 
Davis and Campbell.* In brief the procedure con- 
sisted of chilling the sample on a cold stage of a 
microscope (magnification 75 times) at a rate of 1.7° 
F. per minute to a temperature 10° F. below the tem- 
perature where crystals first appeared and photo- 
graphing the microscopic field. 

Referring to the photomicrographs in Figure 3, it 


*L. L. Davis and D. S. Campbell, Proc. API 14M [III] 32-9 (1933). 


will be seen that there is a wide range in crystal size 
and character. Distillate 1 is an excellent example of 
a clean, average-size plate crystal which, upon press- 
ing, gives a clean separation of oil and wax with a 
high press throughput. Distillate 2 shows good crys- 
tal form, but the higher wax content is shown by the 
greater crystal density. Distillate 3 shows a great pre- 
ponderance of large plate crystals resulting from the 
blending of the foots oil and intermediate re-cycle 
stock. This distillate would be expected to press 
poorly. Distillate 4 shows a relatively bad crystal 
structure—the small, poorly-formed crystals indicat- 
ing a high ratio of amorphous or ceresin type of wax. 
Poor pressing and sweating would be expected. Dis- 
tillate 5 shows a mixture of large plates, many mal- 
formed, and small needle-like crystals. Relatively- 
poor pressing would be expected—although, in view 
of the low viscosity of this distillate, it should press 
better than would be expected from the crystal struc- 
ture alone. 


Wax Content 


In order to make a comparison of the pressing 
characteristics of the wax distillates, it was necessary 
to analyze the stock for its wax content, as well as to 
determine the “dryness” or oil content of the slack 
wax in the press. The analytical method used was 
the one described in paper I of this series. 


From Table 3 it can be seen that, with the excep- 
tion of distillate 4, the wax content varied but little. 
It might be expected that distillate 3 would contain 
the largest quantity of wax, because that distillate 
contained 50 percent of re-cycle stock. It would be 
difficult to justify the recovery of wax from a distil- 











TABLE 4 
Pressing Conditions and Throughput 

Wax Distillate No. : 1 2 3 4 5 
rotal tine ot pressure, hopes: . ies es encase cc ceteelebcceseves 48 48 48 48 48 
eT EOI MI 855 cass oa pias iw aca ana ovina oe eon 250 250 250 250 250 
Average temperatures, Fs 

SI 5 ioc 5 05.0 LEDS e Ale Wc db aN oh hak wands Gace peak weceee +1.7 +5.9 +2.9 +1.1 +2.9 

ack, ED RS ee ee eae eer ee ere ees weer em eS +3.5 +3.1 +0.5 —1.8 +0.5 
otal SMOG, GUNS 6 cia do's soko bbe a LEN EE meee bb ahs aoe ee 300.3 282.9 184.3 133.2 223.1 
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late such as distillate 4, in view of its low wax con- 
tent and poor crystal structure. 
Experimental Pressing of Survey Distillates 

It was originally planned to carry out the experi- 
mental pressing of the survey samples under the 
usual double-pressing cycle used commercially to 
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Rate of Flow through Wax Press of the Five Survey Wax 
Distillates 


produce pale oils of low cold test. The preliminary 
work showed this to be impractical because of the 
time required and the need of excessive quantities of 
distillate to produce sufficient wax to fill the press 
twice. It was, therefore, decided to make a single 
pressing at from 0 to 5° F. It is believed that the 
single pressing gives a true measure of the relative 
pressability of the distillates under study. 





pump was used. The chiller had ample capacity for 
the high filling rate, so that the first charge entered 
the press at the desired pressing temperature. About 
3 hours were required to bring the press up to the 
running pressure of 250 pounds, which was then 
maintained by the regular triplex charging pump. 


A summary of the pressing conditions and through- 
puts is given in Table 4. The average temperatures 
for all runs were reasonably close, except that in the 
case of distillate 2 the temperature averaged about 
3° higher. 

The pressing quality of the wax distillates based on 
the total throughput for the 48-hour period shows 
distillate 1 to be the best, with 300.3 gallons charged. 
The rating of the other distillates in order of merit 
based on total throughput is: distillate 2, 5, 3, and 4. 
A better picture of the relative pressing rates is given 
in Figu:e 2, in which the accumulated throughput in gal- 
lons is plotted against elapsed time. A study of this 
curve shows that for the first 40 hours distillate 2 
gave a greater throughput than distillate 1, in spite of 
its relatively high viscosity. The high wax content of 
distillate 2 probably accounts for the decrease in rate 
towards the end of the press run due to the more 
rapid filling of the press. 

Figure 2 shows that the other three distillates line 
up throughout the cvcle in the same order as given 
for the total throughput. Distillate 4 was an ex- 
tremely-poor pressing stock; and, in spite of the low 
wax content, showed a very low throughput through- 
out the entire cycle. The wax was soft and gummy, 
and tended to plug the blankets. It is, therefore, evi- 
dent that the poor pressing quality of this distillate is 
due to the wax-crystal characteristics. 


Unfortunatelv, the pressing of distillate 5 followed 
immediately after distillate 4 without cleaning the 
blankets. The relatively-poor showing of distillate 5— 
when considering its physical characteristics of low 
viscosity, narrow boiling range, and relatively-good 
wax structure—must certainly be due to the dirty 
condition of the blankets. An earlier pressing of dis- 
tillate 5, under different conditions and with clean 





Distillate No. 1 Distillate No. 2 


The pressing cycle was a straight 48-hour pressing 
with a charging pressure of 250 pounds per square 


inch. The oil temperature was maintained by control-: 


ling the back pressure on the ammonia in the Carbon- 
dale chillers. The press-room temperatures were held 
as close as possible to the pressing temperature by 
expanding ammonia in cooling coils located near the 
ceiling. When filling the press, the standby steam 


616 





Distillate No. 3 
FIGURE 3 
Photomicrographs Showing Wax-Crystal Structure of the Five Survey Wax Distillates 


Distillate No, 4 Distillate No. 5 


blankets, gave higher throughputs than distillate 1 
and a clean low-oil-content cake. 

The slack wax obtained from the wax-pressing 
operation was sweated in ‘the experimental sweat 
pans which were described in the first part of the 
paper. Inasmuch as the slack wax was produced at a 
single pressing at 0 to 5° F., it represefited the total 
wax content of the wax distillate. It was, therefore, 
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TABLE 5 
Experimental Sweater Yields of Scale Wax 











Stock No.: 1 2 3 4 5 

Percent wax in distillate (distillate—100 percent)...................005. 9.1 11.3 12.8 6.1 9.5 
MN IE OURS foi yd ives idixsos bos Bsc bN shied eltheauw asses eke 116 121 116 117 116 
Percent oil in slack (slack—100 percent)... ......... 0. cece cece eees 34.2 42.0 49.0 70.8 53.2 
ME OF MERIS CENT 100 BTEC ove Sule s cles 36.1 19.5 9.5 2.0 7.0 























necessary to modify the standard sweating cycle for 
hot and cold-pressed slack waxes. The modified sweat- 
ing cycle was: 
Sweating Cycle 
Coil-water temperature during chilling period, deg. 


Air temperature during chilling period, deg. F....... 85 
Leneth of chilling period, HOUts 6.0566 a co coos bs wee 12 
At the end of the chilling period, both air and wa- 

ter temperatures were held at 85° F. for 5 hours. 
Coil-water temperature during sweating cycle was 
increased 3° per hour, until a temperature of 115° F. 
was reached—at which temperature the water was 
held until the completion of the sweat. 
Air temperature during sweating period was the 
same as the coil-water temperature. 


The chilling air temperature of 85° F. was arbitrar- 
ily selected. As was discussed in paper II of this 
series, the air temperature during the chilling period 
of a sweating cycle has an appreciable effect on the 
scale-wax recovery or efficiency of sweating. Work 
in this laboratory has checked the results obtained on 
the relationship between air temperature and scale- 
wax yield as given in Figure 3 of paper II. It is, 
therefore, permissible to estimate scale-wax yields at 
air temperatures other than 85° F. by the use of this 
relationship. 

As time was not available to carry out a series of 
sweatings in which the intermediate waxes were re- 
turned for re-sweating to obtain an ultimate yield, a 
single sweating of the slack wax was made. Each 
sweating was carried out to produce a scale wax hav- 
ing an oil and moisture content by ASTM D 308-29T 
Method of 1 percent, which is the usual commercial 
specification for crude scale wax. In order to obtain 
scale waxes of 1-percent oil content, the sweating was 
carried well past the probable finished scale-wax 
point. The run-off from the pans was collected hourly, 


and held separate. After melting down the scale, the 
run-off samples were blended one by one (using the 
last first) with the scale wax until the resultant blend 
showed a 1-percent oil content. This blend was taken 
as the scale-wax yield. Table 5 shows the oil content 
of the slack waxes and the sweater yields of scale 
wax. 

The results of the experimental sweatings show 
that the scale-wax yield was a function of the oil con- 
tent of the slack wax from the presses. This was dis- 
cussed in paper II of this series. The relationship be- 
tween oil content of slack wax and the yield of scale 
wax from the sweat pans, as determined from the 
Continental commercial sweat pans and experimental 
sweater operation, is given in Figure 2 of paper II. 
This laboratory has further substantiated this rela- 
tionship. It is, therefore, evident that the sweater 
vields for the survey samples were dependent entirely 
entirely upon the oil content of the slack waxes from 
the pressing operation. 

It appears from these data that the given relation- 
ship between oil content and sweater yields is charac- 
teristic of Oklahoma wax distillates; therefore, the 
wax vield from a given distillate depends upon the 
press operation and the degree of separation of wax 
and oil in the presses. The experimental sweating 
gives no further information regarding the relative 
quality of the wax distillates. 

It should be remembered that the results reported 
are for the one set of wax-pressing conditions used. 
Distillates 2 and 3 were at a distinct disadvantage 
when pressed at 0° F. because of the relatively high 
viscosities and wax contents of these distillates. In 
view of the excellent crystal structure, particularly in 
distillate 2, it is probable that these distillates would 
press excellently at a higher temperature, and would 
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TABLE 6 
Pressed-Distillate Characteristics 
Distillate No. : 1 2 3 4 5 
Distillation, in °F., at 40 MM.: 
OPIS 5.250 bc 25.54 00% Coa. » Ceemicu Sets heey adeeb eaes 298 196 204 360 225 
MR NS 3 5 6.0 pid 8 orc ss oe ss wisvth cig eee fie Saye 388 395 410 392 366 
MEIN 656 otic, 6 oc oe Vics vis sibs s 53. ed oy webkes dontawe ities 408 432 446 410 394 
NMR ois rsh GK isin. cai victhyracat Sake d the fash Tuck ete NRA 426 461 470 428 420 
SEERA IE ASE ie Sie ah rhe fs Al Reel 447 486 488 454 442 
SSS Fae get ara ree eebrr cre leds. Saber cee waar Pi 2 475 409 505 480 467 
NM ON 05 505.75 35-700 3 9/0 No 0 4x bine Sedhs stereo nee | aN Sp 506 531 520 510 493 
opr oC RTS SA ene Tein nS Ate ely Pai ea re 536 553 588 539 521 
80-percent SEERA paanirie Sere ep re eee ne ie eee UE a 566 580 559 568 550 
RISER aie oe eae esate hake erating ey Moccit m By oni tn a 581 594 576 584 567 
SINE 5 55 oto 5500 oh Ske. Sins Loa. bw ge Sah omit pate yo teieeods 596 610 586 600 583 
I ears xs So oklig cas Sow Geos Redeem ee ee eae 639 649 628 636 624 
Cut: 55 to 70 percent: 
Viscosity (Saybolt Universal) at 100 °F., sec.................0 0000s 106 133 114 104 83 
I UF a. 2 os i ee cies «Kena duke ld bios owe 513 536 525 517 500 
Cut: 70 to 85 percent: 
Viscosity (Saybolt Universal) at 100 °F., sec..............22000000. 200 222 167 206 149 
Ding: ip ORS ELA DS et GOId rare CoN Pee ERE Sag aS 558 574 553 561 543 
Cut: 85 to 100 percent: 
Viscosity (Saybolt Universal) at 100 °F., sec.................-.0... 461 439 308 457 328 
FIG IN 4 ic-5 9 955.6 95s oop Piss ao So pees Adee oe ae wp hel tass 604 620 597 609 593 
Estimated yield of 200-viscosity pale oil: 
Mid-temperature, Pas SIA Dd 7 SE Pe CHEE GER A S LES ee 556 567 567 560 564 
PEERS Se i re erary ster eE sons gon rercnper re 76.5 74.7 82.2 76.0 84.0 
ee ee EE anne ee me Cor Le ae Ba nee ee 47.0 50.6 35.6 48.0 32.0 
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give slack waxes of low oil content. The poor press- 
ing with distillate 5 was probably due, as noted 
above, to the dirty blankets. 


PALE-OIL CONTENT OF THE PRESSED 
DISTILLATES 
Inasmuch as the commercial purpose of wax-dis- 
tillate pressing is the production of dewaxed “pale” 
lubricating oils, the available pale-oil content of the 


VISCOSITY, SAYBOLT UNIVERSAL,AT 100 DEG. F., SEC. 





° 3@0 
MID - TEMPERATURE, DEG. F. AT 40 MM, 


FIGURE 4 


Viscosity—Mid-distilling—Temperature Relationship of the 
Survey Wax Distillates 


distillate is of primary importance. The relationship 
between distillation and pale-oil yield was discussed 
in paper III of this series, and the methods given 
therein have been used to study the pressed distillates 
of the survey samples. 

Table 6 gives the distillation and viscosity charac- 
teristics of the five pressed distillates. The viscosity— 
mid - distilling — temperature relationships for the 
pressed distillates are plotted in Figure 5. It is par- 
ticularly interesting to compare this figure with Fig- 
ure 4, which gives similar data for the wax distillates. 
It will be seen that the step of wax removal com- 
pletely changes the viscosity-temperature relation- 
ships, and also materially changes the relations be- 
tween the distillates. 

By using the curves in Figure 5, the yield of pale 
oil of any viscosity may be estimated. The estimation 
of the yield of raw pale oil of 200 viscosity at 100° F. 
is given at the bottom of Table 6. The first step is to 
determine the mid-distilling temperature equivalent 
to a viscosity of 200 sec. from Figure 5. Using this 
mid-temperature,. the corresponding mid-percent 
point is obtained from the distillation data by extra- 
polating on a smooth curve. The estimated yield of 
pale oil is then obtained by the formula: 

Yield = 2 (100 — mid-percent). 
The results show a wide difference in pale-oil yield 
from the five distillates, i. e., from 32 percent from 
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distillate 5 to 50.6 percent from distillate 2. Assuming 
these figures to be the correct measure of the relative 
quality of the five distillates from the viewpoint of 
pale-oil yields, it is interesting to see whether it is 
possible to forecast the relative value of the distil- 
lates from the physical characteristics of the wax dis- 
tillates. 


VISCOSITY, SAYBOLT UNIVERSAL, AT 100 DEG. F., SEC. 
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FIGURE 5 


Viscosity—Mid-distilling—Temperature Relationship 
Survey Pressed Distillates 


of the 


Referring to Table 3, it will be seen, as would be 
expected, that the viscosity of the wax distillate does 
not determine pale-oil yields. It is true that distillate 
2 has the highest viscosity and shows the greatest 
pale-oil yield, and that distillate 5 shows the lowest in 
both respects ; however, distillate 3 has a high viscos- 
ity and a very low pale-oil yield. A study of the distil- 
lation range of this distillate explains the apparent 
anomaly. The high viscosity of distillate 3 is due to 
its relatively-narrow over-all boiling-point range, 
rather than the inclusion of large quantities of high- 
boiling viscous components ; thus the over-all distilla- 
tion range between the 10- and 90-percent points is 
only 151° F., as compared with 213° F. for distillate 
2. 


A similar study of the distillation curves for the 
wax distillates does not disclose any simple relation- 
ship between boiling-point characteristics and pale-oil 
yields. Using the viscosity-mid-temperature data 
from Figure 4, the yield of waxy. viscous oil of any 
desired viscosity may be estimated. The lower por- 
tion of Table 3 gives this calculation for the yield of 
waxy oil having a Saybolt Universal viscosity of 160 
sec. at 100° F. It will be seen that the yield of waxy 
viscous oil does not give the correct ratio of pale-oil 
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yields for the five distillates. Distillates 1, 2, and 4 
are of the correct order of magnitude; but distillates 
3 and 5 show proportionately very much too low. 

It is, therefore, evident that no simple physical 
characteristics of a wax distillate can be used to esti- 
mate the relative pale-oil yields. A true estimate of 
such yields can be made only from the distillation 
range and viscosity-temperature characteristics of the 
dewaxed or pressed distillate. 


CONCLUSIONS 


1. Although the distillation range of a wax distil- 
late is a valuable measure of the quality and uniform- 
ity of a wax distillate from a given source, it is not an 
inherent characteristic; and, therefore, does not 
necessarily rate distillates from different sources in 
order of merit. 

2. The pale-oil yield from a wax distillate depends 


upon the distillation range, viscosity-temperature 
characteristics, and wax content of the distillate. | 

3. The pressability of a wax distillate is determined 
by its viscosity, wax content, and the crystal struc- 
ture or character of the wax. For oil from any given 
source, these factors are controlled by the distillation 
range and quality of fractionation. 

4. The physical condition of the press, such as 
cleanness of blankets, materially affects pressing ef- 
ficiency. 

5. The vield of scale wax from sweating depends 
principally upon the oil content of the slack wax, the 
oil content of the slack wax being dependent on the 
efficiency of pressing. 

6. Other factors affecting sweat-plant operation are 
chilling temperatures, amount of re-cycle, melting 
point, and oil content of finished scale wax, and the 
actual quality of the wax crystals. 


HOUDRY PROCESS 


(Continued from page 582) 


Liquid-Phase Viscosity Breaking 

Table 9 shows some results obtained by the Hou- 
dry process in the conversion of heavy-crude residues 
to fuel oil of lower viscosity. 


GENERAL 


All of the Houdry catalytic operations discussed in 
this paper require regeneration of the catalyst. The 
catalyst activity decreases during the on-stream 
period of the cycle due to the accumulation of car- 
bonaceous deposits which, therefore, must be re- 
moved periodically. Operating cycles vary from 30 
to 135 minutes in cracking fuels and gas oils, from 
8 to 12 hours in vapor-phase treating operations, and 
from 6 to 12 hours in the polymerization operation. 
Catalytic containers are arranged so that operation 
is continuous, some operating while others are regen- 
erating. Changes from case to case are controlled auto- 
matically. Heat in the products of regeneration is 
recovered as steam and as electric power—the latter 
by a heat turbine operating an electric generator. 
Sufficient recovery is obtained to enable the average 
catalytic-cracking unit to produce its own electric 
and steam requirements. In the case of heavy resi- 
dues some surplus is obtained. 


The life of the catalyst for treating apparently is 
unlimited, no deterioration having taken place in 
actual operation over a year’s period. Cracking-plant 
operations have given practically. the same yield over 
a period of six months. Estimates on new plants 
have been based on renewing the catalyst after six 
months, but it is expected that a life of several times 
this period will be obtained. All catalysts used are 
molded, solid, and are of different composition— 
depending on service required. A typical cracking 
catalyst is that described in U. S. Patent No. 2,078,- 
'45, viz., an activated hydrosilicate of alumina com- 
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prising SiO, and Al,O, to the extent of at least 90 
percent, these components being substantially in the 
ratio of 4 to 1—the material being molded under pres- 
sure, dried and baked to produce the catalyst units. 

Original catalyst cost for.a plant charging 15,000 
barrels daily to catalyst cases amounts to about 
$36,000, or about $2.40 per barrel of daily plant 
capacity. 

More detailed descriptions of the catalysts used are 
not available for publication at this time. 


SUMMARY 


Summing up, the authors believe that in these 
processes the industry has at its command a new and 
profitable means to achieve a better economic bal- 
ance between gasoline, furnace oil, fuel oil, and crude 
requirements; to meet the need for higher-octane 
gasoline, and at the same time to adjust refining 
operations to the seasonal variations in demand for 
the principal products, gasoline and heating oils. It 
appears obvious that the application of this process 
will assist the industry in meeting the ever-increasing 
demand for distillate products, and at the same time 
in conserving our crude-oil reserves. The ability of 
the process to refine economically any type of crude 
would appear to make available for use many crudes 
not now suitable for conventional refinery opera- 
tions, and thus again to increase our reserves. 
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Checking Flange Leaks in 


Discharge Line 


BATTERY of 4 duplex double-acting 5 x 24- 

inch plunger pumps, direct-driven through reduc- 
tion gears by vertical Diesels, was designed to handle a 
29° Baume crude under a working pressure of 700 
pounds per square inch, and at a speed of 35 strokes 
per minute. 


As installed, these 4 pumps were tied in to the 
main 8-inch line with 6-inch discharge lines, ranging 
in length from 165 feet on No. 1 pump to 198.5 feet 
on No. 4 unit. A suction manifold was included in 
the station design, but no provision made for mani- 
folding the discharge. 


Almost from the start, trouble was experienced in 
the 6-inch lines, which were of all welded construction 
save for a pair of flanged joints within the station to 
permit the discharge to offset the suction lines, failed 
in welds, and around the covers of check valves and 
at the flanges themselves. The addition of a second 
bead atop those made at time of welding the lines 
strengthened this former weakness, and only at the 
flanges, shown in plan as “A” and “B”, Figure 1, 
did the trouble persist. 

Of the usual type, with eight 7%-inch bolts and with 
but flat faces, the flanges were welded to the line 
pipe, and maintained adequate strength and tight- 
ness there. The gaskets were hard to maintain, and 
unless the bolt circle was gone over with a wrench at 
least once a week and all slack taken up, there was 
enough leakage to be evident in the pipe pit, with 
gasket failure if the condition went unattended. After 
spot-facing a shallow cup in both head and threaded 
end of bolts in both flanges, a sensitive dial indicator 
was clamped on first one and then another of the 
bolts. The elongation under pump plunger impulse 
was astonishing in its extent. With full line pressure 





1See “Occurrence and Elimination of Surge. . 
Proc. A.S.M.E. 
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being maintained the elongation on the flange bolts 
at No. 4 unit, that having the longest discharge stub 
before the stream entered the 8-inch main, many dial 
readings were checked as high at 0.0007 per impulse. 
Translated into alternated stresses per working day, 
with the pump making 34.5 strokes per minute and 
accounting all 4 plunger impulses as of equal value, 
it is apparent that each bolt was stretched 198,710 
times each 24 hours, and must return of its own 
elasticity to its normal length an equal number of 
times—or else leakage must occur. 

Since each ell in the line accounted for a 90° change 
in direction of flow, it is evident that, if only average 
line pressure be considered, there is a force of ap- 
proximately 10 tons tending to elongate the flange 
bolts or pull the flanges apart. That the theoretical 
average pressure in the line, as indicated by record- 
ing and individual pump gauges, is far from the ac- 
tual maximum imposed on the line by resonance in 
the liquid system and impact of the various pump 
plungers as each takes up its pumping duty is evident 
from the curve in Figure 2, based on results obtained 
with indicators equipped with 600-pound springs and 
attached to the pump discharge line so as to record 
pressure variation in time with the pump cycle.’ 

That the crude oil handled by this pump does not 
flow into the 8-inch main with uniform flow or pres- 
sure is evident from the swing from minimum to 
maximum pressures, the graph showing one com- 
plete pump cycle between the two vertical lines. For 
comparison the theoretical discharge pressure from 
this pump is shown between the two upright lines, 
taking the form of four rather flat arcs, and showing 
a maximum low to high swing of only 58 pounds—as 
contrasted to the 700 actually present and caught by 
the recording device of the indicator. 

Having definitely established the fact that the 


FIGURE 1 
Layout of troublesome 
flange joints. (Not 
drawn to scale) 
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flange bolts are elongated with each plunger impulse, 
and evaluating the pressure variation (maximum 
effect) as 20,649 pounds per stroke cycle it is evident 
that the gasket material used in the flanges at “A” 
and “B” is subjected to a rapid and severe kneading 
action 138 times per minute, or slightly more than 
twice per each second. By reference to Figure 3 this 
becomes apparent. The gasket, of rectangular cross- 
section, is alternately compressed by the inner sur- 
faces of flange faces, this compressing force acting in 
the direction of the arrows “F” on each face. This 
takes place with each pressure drop as shown on the 
curve in Figure 2. 
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FIGURE 2 


Combined indicator cards from discharge line of crude oil 
pump, showing wide range of pressures 


Then, as the plunger takes up its load, the pressure 
within the line elongates the flange bolts, and there 
is a microscopic gap opened between gasket and 
flanges, shown exaggerated as “L” in the sketch. At 
the same time, line pressure, acting against the inner 
or fluid edge of the gasket at “P,” tends to force the 
gasket laterally through the annular space between 
flanges, this motion being resisted by the interlock- 
ing of gasket material fibres with the comparatively 
rough faces of the flanges. Pressure “P” also tends 
to upset or broom out the inner edge of the gasket 
into the ends of the annular spaces “L”, subjecting 
the inside edge to a rapid spreading and squeezing 
action which eventually causes disintegration of the 
material, with consequent gasket blowout. 


The use of a material with low inherent elasticity, 
such as lead—either as sheet or lead wool—requires 
almost constant tightening of the flange bolts to take 
up the thinning of the material under the minute 
but repeated impacts of the flanges under pipe line 
conditions. This explained why, in the original set- 
up, the gasket at “A” showed oil long before the one 
at “B”. The joint at “B” was sealed with a composi- 
tion ring as furnished by the flange manufacturer, 
while that at “A”’, though not as near the second ell 
and thus not exposed to as great shock, was of lead; 
this material rapidly hammering out and permitting 
cil to escape through the spaces at “L”. 


An interesting by-product of these tests was that 
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long before a gasket deteriorates sufficiently to per- 
mit actual flow to take place through or around it, 
the alternating stress imposed on the flange bolts 
initiates a pumping action through the spaces “L” 
which results in a minute showing of oil at the outer 
edge of the gasket. With such a material as lead or 
sheet copper in the joint, the comparatively non- 
resilient gasket does not follow the flange faces and 
preserve a tight seal, but instead leaves the slight 
space into which, during the fraction of a second 
the pressure is at its peak, oil is forced. 


With the next reduction in line pressure, corres- 
ponding to any of the low spots as shown in the in- 
dicator diagram in Figure 2, the flange faces again 
closely contact the gasket, and the droplet of oil in 
the space “L” is flattened in all directions. Since 
pressure at side “P” is less than that at the outside 
of the gasket at the bolt circle, the spread of this 
droplet is greatest toward the outside, becoming vis- 
ible when the action is often enough duplicated to 
show a stain of oil between flanges. 

That this appearance of oil is not due to direct 
flow through the space between gasket and flange 
face is easily demonstrated by arranging to draw a 
thread across the flange face against the edge of the 
gasket, hooking the thread to the actuating string of 
the indicator and checking the appearance of the oil 
stains against position of pump plunger on the stroke 
cycle. 

Adequate air chambers on these discharge lines 
greatly cut down the amplitude of the pressure range 
in each of the pump discharge lines, while the scrap- 
ping of all metal gaskets or flange joint rings for a 
good grade of oil-resistant plastic material cut down 
to a minimum the trouble at the only two possible 
leakage spots in each of the discharge lines. 

Following the replacement of metal joint seals in 
the discharge lines at all flanges, plastic gaskets were 
used on checks, gate bodies, and other separable 
points, where only infrequent or no inspections are 
normally made to insure tightness. 
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FIGURE 3 


Diagrammatic representation of forces acting to hammer 
gasket and cause oil leaks 


Although aware that such is not standard practice, 
the writer favors cutting the gaskets so that their 
inside diameter will be from % to %-inch less than 
the inner diameter of the flanges. Of the more than 
100 gaskets so installed, and subsequently inspected, 
there has been no instance of such a gasket tending 
to cut out on the inside edge; indicating that the 
slight lip of material protruding acts to check the 
entrance of oil between flange faces and gaskets by 
spreading to serve as seal across the flanges, even 
when spread apart under maximum pressure im- 
pulse, as indicated by the dial gauge and bolt elonga- 
tion. 
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“Strip-out” Nuts Relieve 


OW-PRESSURE plunger pump manifolds, into 

which high-pressure fluid can be released through 
an opened by-pass, are sometimes subjected to fluid 
pressures far in excess of those for which they are 
designed, when a block gate is left closed. 


To provide against the serious damage which en- 
sues in such a case, one refinery master mechanic 
devised a “strip-out” nut which would strip off or 
shear out its threads and allow a blind flange to move 
outward enough to vent the pressure—the tee carry- 
ing the blind flange being located in a pit connected 
to the sump to avoid oil flooding. 


The bolts used to hold the flange in place on the 
8-inch tee were %-inch, the eight being spaced on 
the usual bolt circle for this size fitting, and of 
ample strength to withstand the 300-pound pressure 
for which the manifold was tested. The eight 44-inch 
nuts were drilled and tapped for 7%-inch bolt threads, 
and then three 60° vees, shown in the plan view as 
touching the outer dotted circle and spaced at 120° 
intervals, were sawed from these threads. After be- 
ing thoroughly cleaned of all traces of oil, the nuts 
were poured full of ordinary linotype metal—this 
work being done at the local newspaper office as the 
metal there was melted under conditions arranged 
to prevent overheating or irregular smelting. Lino- 
type metal was chosen for this purpose because of its 
relatively low shrinkage when cooling, and because 
it would not yield under vibration as lead does. 

With the nuts filled with linotype metal, the nuts 
were then drilled and tapped for 34-inch standard 
bolt threads, and replaced on their bolts. As is evi- 
dent from the cross-section of the nut, the 34-inch 
threads were entirely within the type metal, and 





Plan and cross-section of type-metal filled nut to provide “strip-out” metal to relieve 
excess pressures without damage to pump manifolds 


Excess Pressure 


any shearing taking place would be confined to this 
material only. 

Testing the nuts in place with a hand pump, it was 
found that the pressure required to strip the nuts was 
in excess of the 100 pounds p.s.i. desired, and they 
were faced off to two thirds their original thickness, 
the old type metal melted out, and new metal poured 
and re-tapped. 

Since fitting the flange with this type of relief 
fixture, on two occasions the pressure has exceeded 
the maximum, and in each instance the nuts have 
stripped enough to permit the flange to move and 
relieve the pressure without damage to the mani- 
fold. When replaced after the first functioning of the 
device, long bolts were used to replace those original- 
ly furnishd with the flange, the threads being ex- 
tended until the type metal nuts could again contact 
the blind flange. Onto the extended ends of the bolts 
regular 34-inch nuts were then run up to within 
Y-inch of the “strip-out” nuts, so that the entire 
flange movement to relieve excess pressures was 
then confined to that amount of travel, eliminating 
possible fire through the flange being slammed 
against the concrete pit by the sudden surge of pres- 
sure against it. 

To guard against these “strip-out” nuts being used 
elsewhere than where intended, the reserve stock was 
painted bright red, and kept, with a short-handled 
wrench (to prevent stripping through overtighten- 
ing) in a box in the refinery office. 
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HE VALUE OF RESEARCH E 











The improvements in refining technique 
and the production of better gasoline and 
lube oils have been brought about only 
by intensive chemical and metallurgical 
research. 


The M. W. Kellogg Company has ana- 
,  sipenssongs lyzed thousands of samples of different cieaeanie aa 
crudes and the most efficient methods of 
processing them have been determined. 
Hundreds of metals and alloys have been 
subjected to the most strenuous tests to 
determine their corrosive resistance, 
ability to withstand varying temperatures, 
pressures and impacts, under difficult op- 
erating conditions. 


The continued successful operation of 
refineries depends on the selection of the 
Petroleum chemists s . Process testing 
priser correct processes, design and equipment— mags hve 
and intense research makes the accurate 
selection of these essential elements 
possible. 


The effectiveness of the research work 
of The M. W. Kellogg Company and its 
collaborators is evidenced by the number 
of times customers return for a solution of 


Determining the hardness their processing problems. Micrographic camera capable 
of steel : of magnifying 2500 times 
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Neutralized Feed for 
Lubricators 


CP ESATING conditions frequently 


demand that a pressure lubricator 
function in an atmosphere either corro- 
sive or alkaline, with the result that the 
air drawn into the lubricator supply 
tank to replace the oil withdrawn by 
the pump plungers on the _ suction 
strokes carries a small amount of this 
corrosive- or alkali-laden air into the 
lubricator, there to be taken up by the 
oil body and eventually to be deposited 
on surfaces where corrosion, pitting or 
rust may be greatly speeded up by the 
addition of this foreign matter. 


Diegremmatic sketch of lubricator 
and sealed-feed supply —— 
(Not drawn to seale 


© ~ Weight for piston drive 

4 - Air vent on supply cylinder 

C + Cylinder for o11 suppl 

P - Piston, with twin cup leathers 

L - Lubricator body 

Vv + Block gates 

U + Flange union Vv Vv 

















Where this pollution of lubricator 
contents is serious, provision of some 
means for excluding the surrounding 
air is necessary. One effective means of 
securing this condition is through the 
use of a detachable oil supply, which 
may be filled with oil at some point not 
exposed to the pollution, and which is 
connected to the lubricator so as to 
maintain a steady replacement of oil as 
pumped, some means being provided 
for excluding air from the surface of 
the supply tank. 

One such device, which worked sat- 
isfactorily under highly acid conditions, 
consisted of a vertical receiver, con- 
nected to the lubricator tank through a 
manifold consisting of two block gates 
with a union between. 


The receiver was composed of a sec- 
tion of 6-inch pipe, ground true on the 
inside, and carrying in it a piston fitted 
with two cup leathers, carried back to 
back. 

This cylinder, filled with oil, was tied 
in to the lubricator, and the piston 
loaded with just enough weight to 
maintain a steady feed into the pump 
chambers. As. the plunger descended, 
closely following and sealing off the 
lubricant, air could enter through the 
vent at the top of the device, but was 
sealed off by the second cup leather 
and kept from possibly forming drops 
of moisture on the cylinder walls with 
possible passage of the pressure leather 
on the up- or filling-stroke. 

By having two such cylinders, a sup- 
ply of oil for the lubricator is always 
assured, the ordinary air vent in the 
lubricator body being kept plugged or 
sealed, and the flow to the unit being 
interrupted only for the short time nec- 


44 





essary to open the union between the 
valves and substitute a filled cylinder 
for the one just emptied. Check on the 
amount of oil in the cylinder is main- 
tained by extending the rod in the pis- 
ton head high enough to permit mark- 
ing a gauge on it, or by checking the 
position of the weighting platform 
against predetermined levels to indi- 
cate the bottom of the oil-feed stroke. 


Prolonging Sash-paint 
Service Life 


AINTENANCE of the steel sash in 


the skylights of the grease plant 
was rendered difficult because of the 
loss of steam from blending vats, cook- 
ers and other steam-heated equipment, 
the vapor ascending to the saw-tooth 
roof and condensing on the glass of the 
sash, to reappear on the floor, at the 
labeling stand and on the canned prod- 
ucts in the form of unsightly, blotchy 


rust which disfigured the room and 
marred the fresh appearance of the 
labels. 


Various brands of interior paint were 
tried on the sash without greatly im- 
proving matters, it being necessary in 
many cases to scrape off the old paint 
down to the steel mullions and apply 
two or more coats. In the course of this 
work it became apparent that the fail- 
ure began at the juncture of glass and 
paint, the water working under the 
paint film to attack the metal, forming 
minute rust blisters which quickly en- 
larged and loosened flakes of paint. 


Cleaning the metal with gasoline or 
other solvent—on the assumption that 
the poor adhesion was caused by par- 
ticles of oil carried by the steam—failed 
to give appreciably longer life to the 
sash paint. On the recommendation of 
a sales engineer from a manufacturer 
of commercial cleanser the sash was 
washed with a _ strong solution of 
cleanser, then rinsed and _ carefully 
dried before applying the priming coat. 
Instead of the usual pigment-loaded in- 
terior paint, the best grade of aluminum 
paint was used, brushed thin to give 
quickest possible drying time, before it 
could absorb moisture from the room. 
A second prime coat—a second coat, 
similar to the prime, but not a cover 


coat, as aluminum was again used—fol- 
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lowed this as soon as thoroughly dry, 
after which a coat of the usual interior 
paint followed. This double priming 
and thorough cleaning stopped the pen- 
etration of moisture behind the paint, 
the aluminum paint making a moisture- 
and expansion-proof junction with the 
glass and maintaining its seal over pe- 
riods several times those formerly met. 

Following the curbing of rust in the 
drippings from the roof, attention was 
directed toward regulating the conden- 
sation so as to eliminate damage to 
finished goods. This was secured by 
mounting a fan at one end of each sec- 
tion of the saw-tooth roof, with a ven- 
tilator at the other end to carry vapors 
to the outside. Comparatively slight 
draft was required to reduce the former 
fogging of the glass, smoke tests show- 
ing that an average air speed through 
the roof trusses of eight feet per min- 
ute prevented appreciable deposition of 
moisture, yet was not enough to require 
baffles or brattices to control the cur- 
rents set up. 

Since applying proper painting and 
installing the fans—used, of course, 
only when outside weather conditions 
favor condensation at the skylights— 
sash painting has become just another 
of the routine maintenance jobs, and 
the high quality and attractive appear- 
ance of the labelled goods more easily 
preserved. 


Suppressing Lighting 
Conduit Vibration 


RIGINALLY clamped to the hori- 

zontal members of the roof trusses, 
the conduits carrying lighting circuits, 
and from which were suspended on 
short nipples the vapor-proof fixtures 
carrying the 200-watt bulbs, were found 
to absorb much of the building vibra- 
tion, and to amplify it through the 
short drop nipples to such an extent 
that the lamp filaments failed rapidly. 
Check records showed that average 
replacements were being made under 
200 service hours, instead of five or 
more times that period, as should have 
been the case. 

To check the building vibration was 
out of the question, the engines and 
pumps being tied to foundations which, 
in turn, were in contact throughout 
with the concrete floor which, without 
break or expansion joint, abutted on 
the foundation chain wall. 

Experimentally blocks of rubber cut 
from old drill pipe protectors were 
slipped between conduits and points of 
contact with roof truss members—and 
a marked improvement in bulb life 
noted. These rubber blocks, however, 
were hard to hold in place, and if one 
jarred out, the resultant suspended 
conduit aggravated the former lamp 
vibration. 

With short (6-inch long) sections of 
light channel iron and %-inch pipe cou- 
plings, these latter split longitudinally 
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of cupped 


Interlocking like a _ pair 

hands, these rubber-lined shock ab- 

sorbers protect lighting conduits and 

their suspended fixtures from injurious 
building vibration. 


with a hacksaw to form two halves, 
the. welder built up some interlocking 
supports which required no wiring, 
screws or other holders, and in which 
the rubber cushioning element could be 
replaced without tools other than the 
hands of the operator. To fabricate, one 
of the split coupling halves was welded 
to the back of a channel section, with 
their axes at right angles to each other. 
A similar fixture, turned so the two 
channels interlocked, completed the de- 
vice, save for two similar facings cut 
from %-inch gasket rubber, and insert- 
ed into and overlapping the ends of 
each channel before fitting the two to- 
gether. 

When so equipped with rubber pads, 
there is no metal-to-metal contact be- 
tween the ahsorbing surfaces, one 
curved clamp formed from the split 
pipe coupling riding on the top of the 
truss angle iron, the other gripping the 
conduit with sufficient tenacity to pre- 
vent endwise motion. 

Not only is the life of the individual 
light bulb more than quadrupled by the 
application of such a shock absorber, 
but the quality of the light is also great- 
ly improved, due to the fact that light 
sources are now steady, instead of vi- 
brating rapidly to the pound of the 
pumps and engines within the structure. 


Absorber Used as Drip 


EMODELING of a gasoline plant 

at Midwest, Wyoming, placed a few 
items on the retired list, such as out- 
moded absorbers and other columns. These 
are placed in the field nearby to serve as 
gas pipe line drips. One such installa- 
tion is supported on a concrete foundation, 
laid horizontal with inlet and outlet con- 
nections on the top side. Original flanged 
connections are used, utilizing rich gas in- 
let and residue outlet for main pipe fit- 
tings, with an additional outlet on the bot- 
tom side of -the shell for drainage of con- 
densate. Painting the drip enhances the 
appearance of the lease, and, as the col- 
umn is of no further benefit to the com- 
pany in modern extraction methods, its use 
represented considerable saving. 
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Scoop-truck Provides Easy 
Handling of Repair Parts 


UPPLANTING the light gauge scoop 

originally attached to a two-wheeled 
truck as an aid in plant cleaning with a 
similar device welded from heavier plate 
and reinforced with two angle-irons to add 
stiffness to the lower edge, one master me- 
chanic provided an aid to overhauling 
which eliminates much lifting and which 
enables one man to move loads which in a 
wheelbarrow would be beyond his ability. 

In use, a heavy valve, cylinder head or 
other part is rolled, barred or lowered into 
the scoop section, its point of balance so 
close to the truck axle as to render canting 
easy. The sturdy scoop also serves for 
holding quantities of bolts, nuts or other 
smaller parts, permitting them to be washed 
therein with air hose or steam and solvent, 
then rinsed and dried without handling 
until time for reinstallation. 

Between overhaul jobs the scoop-truck 
still serves its original purpose of taking 
up and hauling off floor refuse. 


M. T. PATE. 


When New Pumps Are 
Needed, Get New Pumps 


HEN a revision of refinery processes 

doubled the head against which some 
of the transfer pumps were forced to work, 
economy seemed to dictate the utilization of 
as much as possible of the original equip- 
ment, supplementing it with additional 
power where necessary. 

Under the old schedule, the pumps had 
been working at full load and bucking an 
80-pound head, which was about the maxi- 
mum for the single-stage volute pump be- 
ing used. Since there were available for 
service several two-stage volute pumps of 
about the same capacity and maximum 
pressure, it was decided to compound these 
pumps, letting the original installation pick 
up the fluid, boost it to 80 pounds, and 
discharge into the suction end of the two- 
stage units. 

Theoretically, disregarding mathematics 
and practical experience, there should have 
been no difficulty with the new set-up. But 
when installed it was found that, although 
one pump had handled the desired quantity 
of fluid at the old figure, it was necessary 
to overspeed the combined units to secure 
the quantity required. On a basis of effi- 
ciency it is evident that, if each pump is 
putting out at 65 percent at maximum 
working head, when the two are com- 
pounded the efficiency can be only the 
product of these two, or 65x65, or 42.25 
percent overall efficiency. 

Also, although each volute pump was 





Angle reinforcements make this scoop- 

barrow suitable for handy transporta- 

tion of valves and other heavy machine 
parts, 


putting up only its rated pressure rise— 
from 0-80 and from 80-160 pounds re- 
spectively—in the second of the pumps 
there was a pressure differential of 160 
pounds per square inch between pressures 
within the pump and the atmospheric pres- 
sure outside, with the result that it was 
exceedingly difficult to maintain the desired 
tightness of- packing around the shaft, as 
well as to maintain the split casing joint 
satisfactorily. 

Still applying rule-of-thumb methods in 
an attempt to obtain the desired pressure, 
piping was revised so as to make the two- 
stage pumps act as initial step in the com- 
pounding, with the original one-stage 
volutes taking the higher pressure. As 
might have been expected, the atmosphere- 
interior pressure range in this larger unit 
made the problem of maintaining shaft 
packing still more acute. Where packing 
was secured, it was at the expense of ex- 
cessive shaft pressures, with consequent 
channeling of the high-speed shaft. 

Not until all these expedients at utilizing 





Pipe line gasoline drip used by Sinclair-W yoming Oil Company in Salt Creek field, 
made of an old discarded absorber. 
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GUIDE POSTS TO BETTER DIESEL PERFORMANCE 


NICKEL 


DIESEL ENGINE PARTS 
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Foot-NnoTes: (3) Made by Campbell, Wyant and Cannon Foundry Co. (4) Also includes 5.00/7.00, copper. 
(5) Optional. (6) The chilled surface hardness will be approximately 550 Brinell. (7) Heat treatment optional. 


ITH economical Diesel power being applied to many new uses, this 
Uy summary of Diesel engine materials in actual service can be helpful 
as a guide and comparison for your specifications. These Nickel cast irons 
have a background of successful performance under many conditions. 


Because Diesel engines vary widely in size and type, more than one 
Nickel cast iron composition is suggested and your choice will depend 
upon the size and service requirements of your engine. 


Since earliest days of Diesel development, it has been Nickel’s privi- 
lege to aid in the development of stronger, longer-wearing materials which 
withstand higher pressures and higher temperatures. Consultation regard- 
ing the uses of Nickel is invited. 


THE INTERNATIONAL NICKEL COMPANY, INC., G7 WALL STREET, REW YORK, Ni. ¥. 
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Reloading device which maintains pressure on absorbers regardless of volume 
handled from field, by allowing gas from high pressure engine discharge to 
return back to absorbers in recycle. 


old equipment had been tried was the 
original recommendation of the engineer 
adopted : that of scrapping the original low- 
pressure volute pumps and replacing them 


with pumps designed to handle the de- 
sired volume at the higher pressure 
adopted. 


At the end of the six months’ experi- 
mentation with the low-pressure pumps it 
was estimated that the cost of power 
wasted added to the loss through down 
time and that sustained through useless 
welding of pipe and changing of founda- 
tions would have covered half the initial, 
installed, cost of the pumps finally secured 
to handle the refinery’s needs. 


CHARLES C. LYNDE. 


Automatic Gas Loader 
ONTENDING with small gas allow- 


able and with Sunday and other vari- 
ables which affect operations, gas delivered 
to gasoline plants in East Texas fluctuates 
widely from day to day, and from hour to 
hour. Plant operation is far from smooth, 
and at times, unless close touch is main- 


tained with producers in schedules, the 
plant is so lightly loaded that absorber 
pressure drops below efficient operating 


practice. Arkansas Fuel Oil Company, hav- 
ing the first plant to be built in the Glade- 
water sector, used two stages of absorption, 
and to maintain required pressure on pri- 
mary absorbers, operates an automatic re- 
loader to recycle gas from discharge of 
high-pressure machines to residue or low- 
pressure absorber. An automatic regulator 
is set in line connected to discharge with a 
line leading to residue of low-pressure ab- 
sorber, working on remote control, so that 
when pressure drops below the predeter- 
mined point at the outlet, it feeds gas from 
high-pressure machines to low-pressure ab- 
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sorber. Thus, plant pressures are kept at 
efficient point, and without rocking back 
and forth until additional supply of gas is 


received. 4 


Sample “Refrigerator” 


O that a sample of gasoline may be 
removed from large storage tanks 
and placed directly in Reid vapor-pres- 
sure bombs without undue weathering, 
Devonian Oil Compary employes de- 





Portable Sampling Refrigerator 


veloped a simple refrigerator device. 
Holes were punched near the top and 
near the bottom of a five-gallon paint 
bucket. Copper piping is used wound 
in a loosely packed coil, with sufficient 
space in the center and between the 
outer surface of the coils and the shell 
to admit chipped ice. The upper end of 
the coil continues in a long section of 
piping to attach to the sample cock of 
the tanks, and the shorter end near the 
bottom of the pail is fitted with a 
ground joint union and nipple which 
fits the nozzle of the vapor-pressure 
bomb. Several samples are taken with 
one filling of ice and water, and porta- 
bility makes it easy to secure samples 
from any tank desired. 


Deflector Vanes Aid 
Compressor Room Cooling 


S originally installed, the four 100- 

horsepower gas engines driving a like 
number of compressors for blowing as- 
phalt were set up in line, the usual suction 
fan and radiator type of cooling being 
used. Under heavy load the hot air thus 
blown over the engines caused rapid de- 
terioration of wiring, magnetos and other 
electrical equipment, besides depositing a 
reavy coating of dirt every time the wind 
blew. 

By reversing the rotation of the radiator 
fans, the air was drawn from the engine 
side and blown through the radiators, thus 
removing the cause of fouling and permit- 
ting the engine and accessories to be kept 
much cooler. However, it soon became 
evident that the heating and fouling effect 
of the radiator blast had merely been 
transferred from one engine to its next 
neighbor in the row, and plans were drawn 
up looking to removal of the radiators and 
their installation in a wall of the com- 
pressor room—a plan involving much pip- 
ing and excessively long leads from the 
farther engines. 

Instead of moving the radiators, sets of 
vanes, covering the entire radiator front, 
were built up and bolted outside each 
radiator. These vanes were curved to 
change the direction of the air blast 
through an angle of 45° after emerging 
from the honeycomb core, and thus to de- 
flect it past the nearer end of the adjacent 
unit, 


Wind Gauge 


N order to correlate water temperature 

in the cooling tower basin with atmos- 
pheric temperature and wind velocity, the 
plant foreman of Skelly Oil Company’s 
Watkins gasoline plant, a few miles north- 
east of Borger, Texas, devised a wind 
gauge which indicates both direction and 
wind velocity. A wind wheel is mounted 
upon a standard with a full turning bear- 
ing support, to which is attached a vane 
to keep the head of the instrument pointed 
into the wind. The head is made of several 
cups attached to horizontal arms radiating 
from the shaft in the center, with half of 
the circumference shielded from the wind 
by a housing. The shaft of the instrument 
is an automobile speedometer chain attached 
to a speedometer at the lower end. The 
sneedometer head is calibrated to the speed 
of the velocity gaugé which reads directly 
on the dial as so many miles per hour. 
The instrument. is used to gather data on 
cooling tower efficiency, so that when days 
occur with low wind velocity the tempera- 
ture of the cooling water may be accounted 
for on daily reports to the general office. 
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Several New Standards 
Approved by A.S.T.M. 


N the intervals between annual meet- 

ings of the American Society for 
Testing Materials, many of its standing 
committees complete work on new 
standards and also revisions of existing 
specifications and test methods and a 
procedure has been established by 
which Committee E-10 on standards 
acts for the society in reviewing recom- 
mendations and determining whether 
there is a substantial consensus in the 
respective standing committee making 
the proposals. At its recent meeting, 
Committee E-10 approved a number of 
actions including several new standards 
issued for the first time. 


Important recommendations were ap- 
proved as a result of the work of Com- 
mittee A-1 on Steel, involving particu- 
larly the field of pipe and tubing ma- 
terials. One noteworthy change was to 
issue revisions in the form of new 
tentative specifications to replace im- 
mediately the standard covering lap- 
welded and seamless steel and lap- 
welded iron boiler tubes (A 83-36). The 
new tentative specification (A 83-38T) 
is especially significant because the 
committee has recognized the advan- 
tages of designating wall thicknesses 
by decimals in place of B.w.g. and frac- 
tions as well as the desirability of indi- 
cating permissible variations for wall 
thickness and weight in percentages 
rather than by the existing dual sys- 
tem. The former grade of medium 
carbon material in the specification was 
deleted and a new tentative specification 
for medium carbon seamless steel boiler 
tubes was approved. (A 210-38 T.) The 
use of this material and the desirability 
of making certain modifications in re- 
quirements indicated the necessity of a 
separate specification. The demand for 
recognized standardized requirements 
for carbon-molybdenum seamless steel 
boiler and superheater tubes resulted 
in new tentative specifications for this 
material. The close cooperation of con- 
sumers and makers resulted in a favor- 
able consensus on the new specifica- 
tion which will bear the designation 
A 209-38 T. 

For some time, Committee A-1 has 
been developing standardized require- 
ments for spiral welded pipe and there 
has now been issued a new specification 
(A 211-38T) covering spiral welded 
steel or iron pipe 4 to 48 inches in 
diameter, inclusive, with wall thickness 
from 1/16 to 11/64 inch manufactured 
by the following electric-fusion-welded 
processes: spiral lap-welded joint, spiral 
lock seam welded joint, or spiral butt 
welded joint. 

In order to cover spiral welded ma- 
terial greater than 3/16-inch in thick- 
ness, tentative revisions are being pub- 
lished in two existing specifications 
covering electric-fusion-welded _ steel 
pipe of sizes from 8 to 30-inch, and 
sizes 30-inch and over. 

Intensive work on the part of the 
society’s Committee A-9 on Ferro-Al- 
loys involving a complete review of 
nine existing specifications resulted in 
a number of extensive changes and 
reissue in the form of new tentative 
standards. The committee believes that 
the new specifications are truly repre- 
sentative of current commercial require- 
ments. They cover the following: 
Spiegeleisen, ferromanganese, ferrosili- 





The Look Box 








Dcnteteenmeeteet ee 
con, ferrochromium, ferrovanadium, 
molybdenum salts and compounds, 


ferromolybdenum, low-carbon ferromo- 
lybdenum and ferrotungsten 

To meet the demand for standard 
requirements for electrolytic cathode 
copper new tentative specifications 
(B 115-38 T) for this material were ap- 
proved at the request of Committee B-2 
on Non-Ferrous Metals and Alloys. 
The quality requirements provide that 
the copper shall have a minimum purity 
of 99.90 percent, the silver being 
counted as copper. The copper is to 
have a resistivity not to exceed 0.15436 
international ohms per metergram at 
20° C. (annealed), the resistivity to be 
determined from a representative sam- 
ple of each carload, or 50 tons, as a lot. 


Non-Metals (Lime, Concrete, Rubber, 
Textiles) 


For severai years, the society’s Com- 
mittee C-7 on Lime has been develop- 
ing standardized requirements for hy- 
draulic hydrated lime. The demand for 
these specifications has come from va- 
rious engineers, architects, contractors 
and consumers and at the E-10 meeting 
the proposals of Committee C-7 were 
approved and new tentative specifica- 
tions are being issued under the desig- 
nation C 141-38T. Two types of lime 
are covered, namely, high calcium lime 
(containing not more than 5 percent 
magnesium oxide) and magnesium lime 
(containing more than 5 percent mag- 
nesium oxide). Hydraulic lime is de- 
fined in the specification as “the hy- 
drated dry cementitious product ob- 
tained by calcining a limestone contain- 
ing silica and alumina to a temperature 
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short of incipient fusion so as to form 
sufficient free lime (CaO) to permit 
hydration and at the same time leav- 
ing. unhydrated sufficient calcium sili- 
cates to give the dry powder meeting 
the requirements herein stated its hy- 
draulic properties.” It is indicated that 
this lime may be used for scratch or 
brown coat of plaster, for stucco, for 
mortar, and as sole cementitious ma- 
terial in concrete, or in portland ce- 
ment concrete either as blend, amend- 
ment, or admixture. 


November, 1938, Demand 
For Motor Fuel and Crude 


HE daily average supply of domestic 

crude oil estimated by the Bureau of 
Mines to meet the market demand in No- 
vember, 1938, is 3,391,300 barrels. This is 
24,500 barrels (1 percent) more than the 
estimate for October, but 5 percent lower 
than the actual demand for domestic crude 
in November, 1937. The decline from a 
year ago is due chiefly to the fact that no 
provision is made for an increase in gas- 
oline stocks during November, 1938, in 
contrast to an actual increase of 2,587,000 
barrels in November, 1937. Fuel oil stocks 
will be sufficient to supply early winter 
needs without requiring heavy runs of 
crude oil and consequent excessive produc- 
tion of gasoline. 

Daily average crude-oil production and 
runs to Stills during the four weeks, Sep- 
tember 3 to October 1, each averaged 
3,248,000 barrels. During this period total 
crude stocks (including heavy crude in 
California) declined 4,196,000 barrels, 
3,852,000 barrels of which was in domestic 
grades. The daily average withdrawal from 
domestic grades added to the production 
gives 3,385,000 barrels as the apparent daily 
average demand, compared with the 
bureau’s estimate of 3,444,300 barrels for 
September. Indications point to a compara- 
tively low demand for gasoline in Septem- 
ber and to a delay in exports of crude oil 
in the last half of that month. 


Motor Fuel 


The estimate of motor-fuel demand for 
November, 1938, is 42,700,000 barrels, al- 
most the same as for November, 1937. 

The estimate of motor-fuel exports, re- 
flecting forecasts of exporters, has been 
lowered from 4,400,000 barrels in October 
to 3,806,000 barrels in November. 

Stocks of finished and unfinished gasoline 
on August 31 totaled 70,962,000 barrels. 
According to American Petroleum Insti- 
tute statistics, these stocks declined about 
2,300,000 barrels during September, bring- 
ing them to approximately 68,700,000 bar- 
rels as of September 30. Although this is 
approximately 3,300,000 barrels higher than 
the level of stocks on September 30, 1937, 
the bureau is estimating no change for 
the month of November, as it is not likely 
that they will decrease during that month. 
On the other hand, there is no justification 
for their increasing in view of the generous 
supply of fuel oil now available. 

Benzol and direct sales and losses of 
natural gasoline have been estimated as 
800,000 barrels, making refinery production 
45,700,000 barrels. This is distributed 
among the various districts as follows 
(thousands of barrels) : East Coast, 6,070; 
Appalachian, 1,600; Indiana-Illinois, 7,930; 
Oklahoma, 3,090; Kansas-Missouri, 2,610; 
Texas Inland, 3,220; Texas Gulf Coast, 
11,430; Louisiana Gulf Coast, 1,460; North 
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DAILY AVERAGE PRODUCTION—> 


(WEEKLY) 


United States 
CRUDE OIL PRODUCTION 
and REFINERY RUNS 


As Estimated by American Petroleum Institute 
(Retinery Data on Bureau of Mines Basis) 


<— DAILY AVERAGE RUNS TO STILLS 
(WEEKLY) 


Louisiana-Arkansas, 900; Rocky Mountain, 
1,160; California, 6,230. 


Crude Petroleum 


Natural-gasoline consumption at refin- 
eries in November is estimated as 8.7 per- 
cent of the total production. The yield of 
straight-run and cracked gasoline is esti- 
mated as 44.0 percent. This yield is some- 
what lower than the trend of recent months 
as it is contemplated that the relatively 
low crude runs to stills will require a 
maximum distillate yield. The application 
of this yield to the straight-run and cracked 
production of 41,720,000 barrels gives crude 
runs of 94,740,000 barrels, or 3,158,000 
barrels daily. Foreign crude runs are esti- 
mated as 2,100,000 barrels. 

The estimate for exports, which was 
7,000,000 barrels for October, has been 
lowered in November, in accordance with 
forecasts received from the largest ex- 
porters, to 6,500,000 barrels. The estimate 
for crude used for fuel and losses has 
been increased from 2,400,000 barrels in 
October to 2,600,000 barrels, in anticipation 
of the usual seasonal change in this factor. 

The total demand for domestic crude in 
November. 1938, as indicated by the esti- 
mates above, is 101,740,000 barrels, or 
3,391,300 barrels daily. 


Separation of 
Isopropylbenzine 


HE Bureau of Standards has pub- 

lished research paper R.P. 1122, 
“Separation of Isopropylbenzene from 
a Mid-Continent Petroleum by Adsorp- 
tion with Silica Gel and Distillation 
with Acetic Acid,” by Joseph D. White 
and Frank W. Rose, Jr. Copies can be 
secured from the Superintendent of 
Documents, Washington, D. C. Price, 5 
cents. The published abstract of the 
paper follows: 

Isopropylbenzene was isolated from 
the gasoline distillate of a Mid-Conti- 
nent petroleum, which boiled between 
144° and 154° C., and in which the con- 
centration of the compound was about 
3 percent. By adsorbing the aromatic 
portion of the distillate on silica gel 
and distilling the adsorbed material 
with glacial acetic acid, an aromatic 
concentrate was obtained which, by 
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subsequent fractional distillation, yield- 
ed nearly pure isopropylbenzene. The 
physical properties of the isolated ma- 
terial were: bpzo, 152.39° C.; fp, —96.46° 
C.;. ds, 0.8634; n™,, 1.4914 mole per- 
cent purity, 98.4; compared with bpvzo, 
152.38° C.: .fp —96.25° C.; d™, 0.8633; 
ny, 1.4915 for a synthetic sample with 
a calculated purity of 99.8 mole percent. 
The amount by volume of isopropyl- 
benzene in the petroleum is estimated 
to be about 0.03 of the amount of the 
previously isolated n-nonane. On this 
basis, the isopropylbenzene constitutes 
approximately 0.03 percent of the pe- 
troleum. 

Data are given for the azeotropic dis- 
tillation with acetic acid of a mixture 


containing 20. percent of isopropyl- 
benzene and 80 percent of n-nonane. 
Distillation of the aromatic concen- 
trate from the petroleum fraction also 
gave evidence for the presence of 
nu-propylbenzene. Properties of the 
residual portion of the petroleum frac- 
tion indicate that it is chiefly composed 
of naphthenic hydrocarbons. 


Fourth Bituminous 


Conference Well Attended 


XCEEDING in attendance and. regis- 

tration the three previous conferences, 
the Fourth Montana National Bituminous 
Conference at Biloxi, Mississippi, held a 
three-day session devoted to discussion of 
bituminous highways, their place in the 
national scheme of highways and the part 
that the petroleum industry plays in pro- 
ducing satisfactory bituminous, or asphaltic, 
paving materials. 

The conference this year moved into the 
Mid-Continent area to extend its benefits 
and influence more directly to those states 
which look to Mid-Continent refiners as 
their source of asphalt supply. The three 
previous conferences were held in Montana 
under the direction of the Montana High- 
way Department. This year the Western 
Petroleum Refiners Association and the 
Mississippi highway department joined 
Montana in sponsoring the conference. 

Registration exceeded 500 this year with 
representatives of 38 states in addition to 
Canada, Mexico and Argentina. Sixteen 
asphalt-producing oil companies, mostly of 
the Mid-Continent, cooperated in the 
financing of the meeting. 

As in previous sessions of the confer- 
ence, the session organization was unique, 
in that more than 50 papers were prepared 
for presentation, only 4 papers were 
actually presented at the conference ses- 


Trends of United States Production and Stocks 


Figures are from American Petroleum Institute weekly reports, except those on 





crude stocks, which are from Bureau of Mines weekly reports 














Crude Oil Crude Runs Crude Oil Gasoline Gas & Fuel 
Production to Stills Stocks Stocks Oil Stocks 
WEEK ENDED (Barrels Daily)| (Barrels Daily) (Barrels) (Barrels) (Barrels) 
September 25, 1937...... 3,666,300 *3,455,000 307,974,000 65,620,000 116,472,000 
COD. ok Ve cciecssees 3,647,450 3,400,000 309,036,000 65,266,000 117,076,000 
2) Sa ee 3,602,950 3,345,000 307,140,000 66,836,000 121,070.000 
November 27........... 3,425,800 3,325,000 304,156,000 68,544,000 121,616,000 
December 25............ 3,492,600 3,245,000 303,294,000 74,437,000 118,659,000 
January 1, 1938......... 3,436,600 3,320,000 303,468,000 77,291,000 118,660,000 
TPs 0405s $4000me 3,357,650 3,170,000 304,286,000 84,844,000 118,793,000 
Wael GB. «ec avccecs 3,322,800 3,170,000 305,167,000 90,719,000 120,958,000 
cc dekinea eeineod 3,322,550 3,080,000 306,380,000 *93,192,000 122,067,000 
SS Serer 3,405,600 3,080,000 307,557,000 92,858,000 122,979,000 
/ are 3,396,150 3,215,000 307,147,000 91,339,000 128,270,000 
Pas cna tacsuccsss 3,098,650 3,150,000 301,583,000 87,946,000 134,315,000 
TE ss swe hopmeeeernd 3,083,900 3,025,000 293,463,000 82,412,000 137,801,000 
OE re 3,316,400 3,240,000 288,514,000 76,864,000 144,294,000 
CS ne 3,388,500 3,255,000 285,029,000 71,754,000 146,926,000 
September 24........... 3,251,150 3,220,000 280,278,000 68,605,000 150,468,000 
GONE Bo viiccus ccccces 3,231,800 3,235,000 280,852, 68,602,000 151,759,000 
CG cineebecasiancs 3,249, +205, 279,007, 68,706,000 275,000 
gD Seer 3,271, 3,310,000 277,001,000 68,426,000 152,648, 
Se ee 3,247,400 3,230,000 276,652,000 67,695,000 152,796,000 
October 29, 19388........ 3,237,500 DRG ccc dcdces 67,590,000 *153,719,000 
October 30, 1937........ 3,602,950 3,345,000 +306,556,000 66,836,000 121,070,000 
Change in past year... . —10.1% —5.9% —9.8% +1.1% +26.9% 




















* All time peak. 
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sions. Those 4 were summaries, digests 
and analyses of the other 50 papers. 

Much time was devoted to discussions of 
soil stability and methods of obtaining 
stability by means of bituminous processes. 
Progress in bituminous practice through 
research was reported by many states and 
a greater attention to more advanced and 
efficient methods of bituminous construc- 
tion was indicated in all the discussions 
following the presentation of papers. 


The conference ended in a round table 
discussion of bituminous problems and was 
followed by a banquet. No decision was 
made as to the location of next year’s 
conference. 


Badger to License 
Houdry Process 


HE Houdry process for more efficient 

oil refining has now been brought into 
commercial production, according to an an- 
nouncement made by Houdry Process Cor- 
poration. 

The process, which will greatly increase 
the amount of high-octane gasoline re- 
coverable from a barrel of crude, has been 
developed in cooperation with Socony- 
Vacuum Oil Company, Inc., and Sun Oil 
Company. 

Two plants are in operation in the 
United States—one in Socony-Vacuum Oil 
Company’s refinery 2t Paulsboro, and the 
other the Sun Oil Company’s refinery at 
Marcus Hook, Pa. A third plant is in 
operation in Europe for the production of 
aviation gasoline. 

Socony-Vacuum Oil Company has eight 
additional units under construction, which 


will involve an expenditure of approxi- - 


mately $24,000,000. These will be located 
at Beaumont, Texas (two); Brooklyn, N. 
Y.; Buffalo, N. Y.; Augusta, Kansas; De- 
troit, Mich.; East St. Louis, IIl., and 
Paulsboro, N. J. Sun Oil Company also is 
building two large units at a cost of ap- 
proximately $11,000,000. All of these units 
will be completed by the middle of 19339, 
and some units will be ready by the end 
of this year. 
_ The Houdry processes include: the sub- 
jection of crude petroleum, gas oil and fuel 
oils to the action of catalysts for the pro- 
duction of high-octane gasoline, including 
aviation gasoline; the transposition of fuel 
oils into heating oils and Diesel oils; the 
chemical stabilization and treatment of raw 
gasoline; and the polymerization of gases 
for the production of high-octane aviation 
base stocks. This is the only refinery 
process available which, it is claimed, with 
most crudes, after taking off the straight- 
Tun gasoline. can economically produce a 
gasoline with an octane number in the 
neighborhood of 80, without hydrogenation 
or the addition of any non-petroleum prod- 
net. Tt aids crude oil conservation by mak- 
ing it possible to convert more of the 
crude oil into gasoline and the more valu- 
able light distillate oils, limiting or con- 
trolling the quantity of heavy fuel oil 
produced. It will also enable the refiner to 
maintain a better economic balance between 
domestic heating oils, gasoline and heavy 
fuel oil, in accordance with the seasonal 
demands for those products, it is said. 
Houdry Process Corporation has com- 
pleted arrangements whereby the encineer- 
ing and construction firm of FE. B. Badger 
® Sons Company, Boston, will become the 
licensing agent for the processes. Licenses 
are at present being actively negotiated 
“ith a number of refiners in the United 
States. 


Earle W. Gard Made 
Union Research Director 


D. MATTHEWS, executive vice 

president of Union Oil Company 
of California, recently announced the 
appointment of Earle W. Gard to the 
important post of director of research 
and development. 





EARLE W. GARD 


Director of Research and Development, 
Union Oil Company of California. 


Gard, who has been development en- 
gineer for the company for the past 
eight years, is a graduate of University 
of Southern California, and during the 
war served as an engineering officer 
in the navy. He has in the meantime 
been consistently engaged in the engi- 
neering and scientific advancement of 
refining practice. 

For the past decade, particularly, he 
has been active in the development of 
the highly modernized processes that 
have almost completely revolutionized 
refinery operations, and has in no small 
measure been’ responsible for the 
specification of the unusual equipment 
and new type materials required by 
the changed technique. 

In his present position, which comes 
in recognition of outstanding accom- 
plishment, he is assigned responsibility 
for the affairs of the research, develop- 
ment, and patents departments. 


Scientists to Prepare Pure 


Gasoline Hydrocarbons 


REPARATION of pure hydrocar- 

bons of the gasoline type so that 
their engine combustion characteristics 
can be determined will be undertaken 
bv the Ohio State University Research 
Foundation. The project is sponsored 
by the American Petroleum Institute. 

Hurlburt S. Jacoby, research director 
of the foundation, has announced that 
the work will be under the direction 
of Prof. Cecil E. Boord of the chem- 
istry department of the university, who 
will be assisted by Albert L. Henne, a 
member of. the university staff. The 
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project, which will develop several 
dozen pure gasoline hydrocarbons in 
quantities sufficient for testing in en- 
gines, is expected to shed new light on 
“what makes the wheels go round” in 
motor vehicles. 

The advisory committee in charge of 
the work includes: D. P. Barnard, 
Standard Oil Company’ (Indiana), 
chairman; T. A. Boyd, General Motors 
Research Corporation; Gustav Egloff, 
Universal Oil Products Company; F. 
W. Hall, The Texas Company; J. Ben- 
nett Hill, Sun Oil Company. 


Survey of Crude 
Oil in Storage 

HE Bureau of Mines, Washington, 

D. C., has issued Report of Investiga- 
tions No. 3417 “Survey of Crude Oil in 
Storage, 1936-1937,” compiled by the Pe- 
troleum Economics Division and Petroleum 
and Natural Gas Division. The report in- 
cludes data of interest to the refining 
branch of the industry having to do with 
the general crude-oil storage problem and 
especially with tankage and storage of oil 
at the refineries. 

The bureau finds that the results of 
sampling and analysis indicate that the 
average quality of stored oil closely ap- 
proximates that of the average current pro- 
duction. The reason is that a large part of 
the older crude oil in storage was flush 
production from fields that produced high- 
grade oil, The original superior quality of 
these oils has offset the deterioration from 
evaporation losses, and progressive im- 
provement in storage tank construction has 
reduced the rate of such losses materially 
in recent years. 

The growth in demand for heating oils 
and Diesel oil has been greater, relatively, 
than the rate of increase in gasoline de- 
mand. However, as the age of the crude 
oil generally has little effect on fuel-oil 
yields, the older stored oils may be used 
to produce heating oils and Diesel oil and 
thus release current production for the 
manufacture of gasoline. In other words, 
the oil now in storage can meet the com- 
bined demand for gasoline and light fuel 
oil almost as well as an equal volume of 
the average oil from current production. 

At the time of the survey, the minimum 
working stocks of crude oil required for 
the operation of the industry were ap- 
proximately 105 million barrels, as follows: 
(1) About 11 million barrels of crude oil 
representing accumulations on leases to 
maintain an adequate supply for delivery 
to gathering lines. (2) About 43 million 
barrels of the 50 million barrels held by 
the pipe line companies divided into (a) 
the 21 million barrels actually contained 
in gathering and trunk lines, (b) about 
12 million barrels contained in minimum 
working tanks for main-trunk line opera- 
tions, (c) about 10 million barrels of essen- 
tial terminal storage out of the 17 million 
barrels of tank storage at gathering-line 
terminals, main-line transhipment points, 
and main-line terminals. (3) An average 
of about 4 million barrels in transit to 
domestic refineries by barge or tank ship. 
(4) Approximately 47 million barrels at 
refineries, representing a minimum safety 
factor of about two weeks’ supply. 

Considering the characteristics of petro- 
leum operations and the organization of the 
industry, the bureau concludes that it is 
probablv necessary ‘to have at least 100 
million barrels of contingent reserves above 
ground, in addition to the 105 million bar- 
rels of true working stocks, to meet all of 
the industry’s varied needs. 

Total stocks of over 311 million barrels 
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of refinable crude oil on June 30, 1936, in- 
cluded approximately 51 million barrels 
stored in 1931 to 1935; 28 million barrels 
stored from 1925 to 1930, and 39 million 
barrels storage before 1925. The stocks, 
totalling 67 million barrels, stored before 
1931 primarily represented old reserves in 
the hands of a few companies and obvious- 
ly had little or no relation to current work- 
ing requirements except when in an active 
state of liquidation. These stocks repre- 
sented accumulations from excess produc- 
tion in the past of a kind the present pro- 
gram of oil conservation is attempting to 
avoid. 

Apparently at the time of the survey, the 
requirements for minimum working stocks 
and contingent reserves could be met from 


the current stock of 194 million barrels and 
an indeterminate part of the next older 
group containing 51 million barrels. 

Although this survey indicates that a 
minimum of stocks ranging from 200 mil- 
lion to 250 million barrels is needed, no 
exact level of desirable crude oil stocks can 
be fixed without a detailed analysis of 
individual company positions and policy 
and without more accurate information 
than is now available concerning potential 
reserves and the extent to which a program 
of underground storage has replaced above- 
ground storage. Without such information, 
a considerable factor of safety in stocks 
undoubtedly is necessary in an industry in 
which production and demand are subject 
to such rapid changes. 
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Arcos research has contributed to the 
progress of Alloy Welding in the refinery industry through close 


collaboration with the refinery equipment fabricators. Result: the 


development of special electrodes best fitted to the welding re- 
quirements of this industry. That is why tons of Arcos Stainless 
Electrodes have gone into the fabrication of 


equipment for leading refiners the country over. 


“QUALITY WELD METAL EASILY DEPOSITED” 


Arcos Technical Bulletins are recognized sources of in- 
formation on stainless and special alloy welding. Write 
today for your copy of the just issued 24-page illustrated A 


Technical Bulletin No. 3. 
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Tanks for Crude Storage 
at Refineries Increase 


ial the recently released Report of In- 
vestigations No. 3417, “Survey of Crude 
Oil in Storage, 1936-1937,” the United 
States Bureau of Mines reports that con- 
trary to the general trend, the capacity of 
tankage at refineries has expanded 23 per- 
cent between May 1, 1931, and June 30, 
1936, or from 84,487,000 barrels, to 104,- 
264,000 barrels, and the number of tanks 
was increased from 2643 to 3083, an in- 
crease of 443 tanks and of 19,777,000 bar- 
rels capacity. The average tank size at re- 
fineries in 1936 was 33,819 barrels. More 
than half of the added capacity at refineries 
was in Texas, which showed an increase 
of 63 percent (11,025,000 barrels), reflect- 
ing the remarkable growth in refining 
within the state, particularly on the Gulf 
Coast. Substantial increases, on a percent- 
age basis, were recorded in Kansas, Ar- 
kansas, and the Rocky Mountain group of 
states, amounting in the aggregate to 
3,449,000 barrels. Changes in other states 
were small, a moderate increase being evi- 
dent in most of them. The most notable 
exception was California, which showed 
a reduction of 3,975,000 barrels, or 22 
percent. 

The survey of June, 1936, shows that 
tanks with steel shells or walls have dis- 
placed all but negligible remnants of other 
types for the storage of refinable crude 
oil in all branches of the industry. Of 
the total on that date, 580,170,000 barrels, 
or 99.5 percent, were of steel, and only 
3,308,000 barrels, or 0.5 percent, were wood, 
concrete, and earthen tanks. 

In the refining branch of the industry 
there was a total of 2654, steel tanks or 
88,532,000 barrels capacity had steel roofs, 
steel tanks with wood roofs number 298 
with capacity of 9,907,000 barrels, and steel 
tanks with “other roofs,” total 96 with 
capacity of 5,369,000 barrels. Wood shell 
tanks numbered 30 with capacity of 32,000 
barrels, no earthen tanks were reported at 
refineries, and but 5 concrete tanks with 
total capacity of 424,000 barrels were re- 
ported. This shows an increase of several 
steel tanks with steel roofs on the previous 
survey, a marked decrease in wood roofs, 
and a marked increase in “other types” of 
roofs when compared to the 1931 survey. 

The principal reason for the paramount 
position of tanks with steel shells is that 
they alone possess to a relatively high de- 
gree the combined qualities of low initial 
and maintenance costs, mobility, and low 
evaporation losses. Tanks with wood shells 
have never been used extensively except in 
the Appalachian district or for the storage 
of small amounts of corrosive crude oils 
elsewhere. Concrete tanks have been erected 
principally for the storage of heavy crude, 
and/or fuel oil, in California. Earthen 
tanks were constructed in Arkansas, Texas, 
California and elsewhere for the temporary 
storage of flush production, generally heavy 
oils. This wasteful practice was terminated 


* by the extension of pipe lines and by the 


general adoption of proration. Steel tanks 
with all-steel roofs accounted for nearly 
two thirds of the total capacity in all 
branches of the industry on June 30, 1936, 
but the development of special roofs to re- 
duce evaporation losses is lowering this 
proportion rapidly. 

The great:majority of “other type” roofs 
are composed of various heat-insulating 
materials, usually applied in combination 
with wood and/or sheet metal. Floating 
type roofs are used advantageously on 
active working tanks in which the surface 
of the contained oil fluctuates more or less 
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The Receiver, a recording instrument, contains the Remote Receiving 
Unit .. . in effect, a simple pressure gauge, calibrated in units to agree with 


the transmitter scale. It may be controlling or non-controlling. 


There is nothing complicated or delicate in the construction of the 


Brown Pneumatic Remote Transmission System. 





When you install Brown Instruments you obtain the ultimate in process 
control—because there is no divided responsibility. Brown can give you the 
instrument best suited for your application, whether for indicating, record- 
ing or controlling—in either electric, pneumatic or combined electric and 


pneumatic systems. 


Get full details . . . write for Bulletin No. 94-3. THE BROWN 
INSTRUMENT COMPANY, a division of Minneapolis-Honeywell Regulator 
Company, 4498 Wayne Avenue, Philadelphia, Pa. Offices in all principal 
cities. Toronto, Canada: I17 Peter Street. Amsterdam-C, Holland: 
Wijdesteeg 4. London, England: 70 St. Thomas’ Street, S. E. I. 
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continuously as oil is pumped in or with- 
drawn. Most tanks now used for storage 
of refinable crude oils are constructed to 
reduce losses by evaporation, by making 
them vapor-tight and equipping them with 
devices to minimize breathing, or the emis- 
sion of vapors emanating from the oil and 
intake of air as a result of temperature 
change. 


Improvements in Refining 
Cracked Gasolines 


SSTMPROVEMENTS in Refining of 

Cracked Gasoline,” by Dr. Ing. 
Rafael Fussteig, well known European 
petroleum technologist, has been pub- 
lished in German by Allgemeiner In- 


dustrie—Verlag Knorre & Co. K. G, 
Berlin, W 9, Casueaae: The author of 
this up-to-date 74-page book has ap- 
proached gasoline treating from the im- 
portant fundamental concept that to so 
treat light-oils only for the removal of 
truly unstable compounds, preserving 
the inherent highly valuable anti-knock 
materia! present to the fullest extent. 
Data on the layout and operation of 
a modern pipe still, the present day 
fractionating tower, rerun and stabiliza- 
tion equipment is included. Excellent 
treatment is given to the compounds 
found in the raw distillates, but the 
bulk of the book is a thorough and 
clear presentation of all the chemical 
reactions that take place -in refining 
cracked gasoline by the most modern 
procedures. Each method that is em- 
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“TOLEDO” SUGGESTS— 


a “TOLEDO” No. 1BR for threading satisfaction on 1 to 2 


No bushings. Long-life pipe holder. Three broad-faced jaws 
with size-marked guide bars operated by large wing-head set 


screws make for easy, accurate centering. 


Separate set of dies for each size— 
assuring easy cutting and smooth, 
accurate threads. 

Send for free catalog or order from 


your Supply Dealer. 


NEW YORK OFFICE, 72 LAFAYETTE ST. 








ployed in the refining industry today is 
described, and the chemistry is pre- 
sented step by step by chemical equa- 
tions of these reactions. Isolated as 
well as collected articles dealing with 
these methods have been presented in 
recent literature but Doctor Dussteig 
has brought the chemistry of these 
procedures into a compact correlation, 
valuable especially for technologists in 
calculating reactions, quantities of 
chemicals that react, yields, and the 
compounds likely to be found in the 
finished gasoline. A list of the chapters 
included is given below to indicate the 
complete and extensive amount of ma- 
terial so ably handled by the author in 
so few pages: 
1. Review of distillation processes. 
2. Cracking. 
(a) Rerun procedures. 
3. The chemistry of cracked gasoline. 
4. Chemical Refining. 
(a) Theory 
(b) Acid treating at ordinary tem- 
peratures. 
(c) Acid treating at low tempera- 
tures. 
(d) Acid treating and the cen- 
trifuge. 
(e) Treating with phosphorous 
pentoxide and phosphoric acid. 
(f) Alkali treating. 
(g) Doctor Sweetening. 
(h) The hypochlorite treatment. 
(i) Copper sweetening. 
(j) The zinc chloride treatment. 
(k) Ozone treating. 
. Physical Refining Methods. 
(a) Refining by physico-chemical 
methods. 
(1) In the liquid phase. 
(2) In the vapor-phase. 
(b) Purely physical methods. 
. Refining by hydrogenation. 
. Stabilization by antioxidants—list 
of anti-oxidants. 


Separation of Aromatics 
From Mid-Continent Crude 


"T'HE Bureau of Standards has pub- 

lished research paper R.P. 1123 
“Separation, by Distillation with Acetic 
Acid, of the Aromatic Hydrocarbons 
from the Fraction of a Mid-Continent 
Petroleum Boiling Between 154 and 162 
degrees Centigrade,” by Frank W. 
Rose, Jr., and Joseph D. White. Copies 
can be secured from the Superintendent 
of Documents, Washington, D. C. Price 
5 cents. The published abstract of the 
paper trollows: 

A method is presented for the separa- 
tion, by distillation with an azeotropic 
agent, acetic acid, or narrow-boiling pe- 
troleum fractions into concentrates con- 
taining (1) a mixture of paraffins and 
naphthenes and (2) the aromatic hydro- 
carbons. This procedure simplifies the 
subsequent task of separating the indi- 
vidual components and is applicable to 
petroleum fractions boiling in the range 
130° to 175° C. Data are given on the 
behavior of synthetic mixtures of 
m-nonane and isopropylbenzene with 
acetic acid. Except for about 10 percent 
of intermediate material, the separation 
of these mixtures in a 30-plate glass 
column is roughly quantitative. : 

The systematic distillation, with 
acetic acid, of the fraction of an Okla- 
homa petroleum boiling normally be- 
tween 154° and 162°C. resulted in a 
paraffin-naphthene mixture and an aro- 
matic concentrate. Traces of. aromatic 
hydrocarbons were removed from the 
paraffin-naphthene mixture by adsorp- 
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tion ‘on silica gel. Redistillation of the 
aromatic concentrate with acetic acid 
removed all but the aromatic hydro- 
carbons. By proper recycling of the in- 
termediate fractions, only about 1 per- 
cent of the entire fraction remained not 
allocated to the concentrates. Distilla- 
tion of the paraffin-naphthene mixture 
as oil at 215 mm Hg showed (1) paraf- 
finic constituents boiling near 157° C. 
and (2) naphthenic constituents boiling 
near 161° C. On distillation of the aro- 
matic concentrate, the major portion of 
the distillate had a boiling range of 
158.5° to 164.5° C., about 5° higher than 
that of the material from which it came. 
Apparently this material contains 
n-propylbenzene and the methylethyl- 
benzenes as well as higher boiling 
trimethylbenzenes. 


Dr. Egloff Nominated 
Chemical Society President 


R. GUSTAV EGLOFF, director of 
research, Universal Oil Products 
Company, has been nominated for the 
presidency of the American Chemical 
Society. 

Dr. Egloff has been prominent for 
years in hydrocarbon research and in 
development of the Dubbs cracking 
process as well as other Universal 
processes. About 300 patents have been 
issued to him in this country and 
abroad. 

Dr. Egloff was born in New York 
City in 1886 and attended Cornell and 
Columbia universities, receiving his 
Ph.D. from Columbia in 1916. He was 
a member of the staff of the Bureau 
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Don’t Fear Fuming Acid... 


Showa refiners who recognize the advan- 
tages of centrifugal acid treating in pro- 
ducing white oils are afraid of the cor- 
rosion problem—and with good cause. 
None of the common metals withstand 
the continued action of fuming acid. 
Sharples has had over four years com- 
mercial experience centrifuging fuming 
acid. The equipment developed pro- 


vides a completely satisfactory answer. 


The advantages in the use of centrifugal 
acid treating are greater by far in white 


oil manufacture than in any other. 


The Sharples Corporation 
Centrifugal and Process Engineers 
2335 WESTMORELAND STREET 








of Mines and chief chemist of the Aetna 
Chemical Company, leaving that posi- 
tion to join Universal. 

Dr. Egloff has been a lecturer at Co- 
lumbia, Princeton, Chicago, Harvard, 
Northwestern, California and Stanford 
universities and has been a delegate 
to many world conferences and con- 
gresses. He was president of the Amer- 
ican delegation to the World Petroleum 
Congress in Paris in 1937, and has been 
named vice president of the Congress 
for 1940. He has been a councilor at 
large of the American Chemical Society 
since 1936, and was president of the 
Chicago Chemists Club in 1934. He is a 
member of many scientific societies, and 
has contributed over 350 papers to the 
literature as well as writing three books 
on hydrocarbons. A four volume work 
on the physical constants of hydrocar- 
bons is being prepared, the first volume 
of which will appear about January 15. 


Present Chemical Industry 


Medal to Dr. J. V. N. Dorr 


6 Ges Chemical Industry Medal for 
1938 was presented November 4 to 
Dr. J. V. N. Dorr, president of 
Dorr Company, Inc., at a joint meeting 
of the American Section of the Society 
of Chemical Industry and the American 
Chemical Society, held at The Chem- 
ists’ Club, New York City. Dr. Wallace 
P. Cohoe presided. Howard C. Parma- 
lee spoke on the accomplishments of 
the medalist before the presentation 
of the medal. 

In accepting the medal Dr. Dorr 
spoke on the value of the American 
patent system. The creation of new and 
useful ideas through the mediumship 
of research and invention has become 
inextricably interwoven with legisla- 
tion that protects these ideas and stimu- 
lates their application to national eco- 
nomic life. 

The American patent system is broad- 
ly equitable to both parties concerned 
—the inventor and the public. Any 
broad fundamental change, such as now 
contemplated in certain quarters, will 
retard creative thought and work a 
hardship on inventor and public alike. 

New needs must be supplied by in- 
ventive genius. Yet industry will not 
invest funds in research unless it is as- 
sured that the fruits of research are 
legally protected. If the inventor him- 
self cannot finance commercialization 
of his invention, others must be stimu- 
lated to do so by the legally guaran- 
teed assurance of exclusive rights for a 
period of years. 

As an example of the stimulus to 
research and invention provided by the 
American patent system, the case of 
two of the inventions of Dr. Dorr were 
cited. The point was made that, lack- 
ing patent protection, the year-by-year 
improvement of these inventions and 
their application to an ever-widening 
industrial field would not have taken 
place. ; 

New industries and new jobs arise 
indirectly through the working of the 
patent system and national resources 
are conserved by reason of more et- 
ficient processes and the development 
of synthetic substitutes. Still, com- 
mercial exploitation is a gamble with 
only a small fraction of the new ideas 
on which time and money are spent 
actually succeeding and realizing 4 
profit. The reward provided—exclusive 
rights—must. be commensurate with the 
risk taken. : 

The patent system, like all creations 
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wW Pictured above is one of twelve 


large Heat Exchanger Units re- 
cently completed for a leading Gulf 
Coast Refinery. Shell diameter 48” 
x 24 ft. tube length . . . Expansion 


order was engineered, fabricated 
and shipped in less than eight 
weeks. 

The unit below is a high vacuum 


“~ joint provided in shell ...Con- _ partial condenser. Shell diameter 
yn structed to API-ASME Code for 38’, 1280 sq. ft. surface... re- 
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a Continent Refinery. ‘ 
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of man, is imperfect and subject to 
improvement. Certain minor changes 
are suggested that can easily be ef- 
fected. Compulsory licensing decidedly 
is not among the worthwhile changes 
suggested, as its adoption would tend 
to undermine the entire patent struc- 
ture. 

The only frontiers that have not been 
assed by man are those of science and 
industry. The incentive to pioneer in 
those fields should be upheld in the 
future, just as it has been in the past, 
by our Constitution and our American 
patent system. 


Utilization of Waste 


Tar From Natural Gas 


HE results of experimental work 

conducteil to find uses for tar that 
may be formed in the conversion of 
natural gas to liquid fuel are described 
in a report just issued by the Bureau 
of Mines, United States Department of 
the Interior. The Petroleum Experi- 
ment Station at Bartlesville, Oklahoma, 
has for some time been interested in 
the conversion of natural gas to liquid 
fuels and previously reported the re- 
sults of that laboratory investigation. 
The process described in the present 
paper is designed to increase the total 
yield of liquid products from the 
pyrolysis of natural gas by approxi- 
mately 25 percent. The immediate ob- 
ject of the work was to convert the 
naphthalene fraction of the tar, formed 
by pyrolysis of natural gas, into liquid 
products by hydrogenation, using the 
hydrogen formed in the cracking re- 
actions to carry out the conversion in 
a continuous process where hydrogena- 


tion follows directly after pyrolysis. 
An apparatus for testing the activity 
of metals in catalyzing gas-phase hy- 
drogenation reactions under static con- 
ditions is described. Experimental data 
on the hydrogenation of naphthalene 
in the presence of a number of differ- 
ent metallic catalysts are given. These 
data show that hydrogenation to both 
the tetra-and deca-derivative in the gas 
phase is possible. The rate of the hy- 
drogenation reaction in these experi- 
ments depends upon the concentration 
of the hydrogen, the temperature, and 
the activity of the catalysts. Curves 
showing the relationships between the 
reaction rates and other variables are 
given. The preparation of the several 
catalvsts is described in detail and their 
activity, expressed as a function of the 
reaction time, has been calculated. 


The hydrogenation of naphthalene in 
the tar formed by cracking natural 
gas is described. A nickel catalyst is 
used and both small and large scale 
installations of laboratory apparatus are 
described in which the reaction has 
been conducted successfully. Methods 
of senarating the naphthalene from the 
heavier tars are given, together with 
data concerning successful runs where 
gas cracking to light oil and tar is 
combined with tar separation and hy- 
drogenation, using the hydrogen formed 
in the cracking process. A distillation 
analysis of the products is shown. 

Bureau of Mines Technical Paper 
587, “Studies Pertaining to the Catalytic 
Hydrogenation of Pyrolytic Tars” by 
H. M. Smith, Harry T. Rall, and Peter 
Grandone, may be obtained from the 
Superintendent of Documents at a price 
of 10 cents. 


Pass Petroleum Progress 
Benefits to Consumers 


BE Reactions hea areal progress in the pe- 
troleum industry has been great and 
the gains therefrom have benefited con- 
sumers far more than is generally realized, 
it is said by Edwin G. Nourse and Horace 
B. Drury in their book, “Industrial Price 
Policies and Economic Progress,” recently 
published by The Brookings Institution. 

Explaining that the benefits of the in- 
dustry’s technological progress “have been 
more than passed on to consumers or 
others,” the authors point out that rising 
gasoline taxes, among other factors, have 
obscured the fact that the margins in re- 
fining and handling oil have been substan- 
tially reduced. 

The authors list the many influences 
affecting the gasoline market, adding: 

“Amidst all these forces it will be seen 
how far any one corporation or group of 
firms is from having any real control over 
gasoline prices.” Equally impossible, they 
suggest, is the “all-embracing leadership” 
of the industry by any single company. 
They comment that “the possibility that 
the whole industry might get together on 
any basis, other than by government sanc- 
tion, has been made very remote indeed, 
owing to the fact that in every branch 
of the industry, except possibly trans- 
portation, there are great numbers of non- 
integrated independents, some of which, by 
the standards of most industries, would be 
considered large, many others compara- 
tively small.” 

Adoption of the theory of “dynamic 
price-making,” whereby the manufacturer 
ascertains the unsatisfied wants of con- 
sumers and then so conducts operations as 
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The Ultimate Shaft Seal 


for Freon-l2 or Ammonia 
Compressors 


For that difficult job where 
no ordinary packing seems to 
hold, you can end both leaks 
and inconvenience by install- 
ing a Frick Flexo-Seal. Holds 
either ammonia or Freon-12 on 
rotating compressor shafts with 
ease. Write for full information, 
giving details of your problem, 


WAY NESBORO, PENNA. 


DEPENDABLE REFRIGERATION SINCE 1882 
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The LINE-UP for low-cost 


Still tube cleaning 


They make an unbeatable team — 
these tough, hard-fighting Lagonda- 
Liberty cleaners. No matter how diffi- 
cult the opposition — how tough the 
coke—the right combination of cutter 
head and motor will tear through it 
to a clean goal. 












Mighty little time-out for substi-. 
tutions or replacements. Lagonda- 
Liberty cleaners stay with the job 
to the final whistle. 














Get a close-up of this team of coke-crushers 
—see what-makes this line-up of economy- 
defenders so popular with refinery engineers. 
Write for the picture book of tube cleaning— 
Bulletin Y-4, telling in the universal language 
of pictures the latest developments in tube 
cleaning equipment. 

















When fated with an unusually tough 
tube cleaning condition, bring it to 
“Tube Cleaning Headquarters.” We 
can help, and are glad to. 
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to permit of sales at prices which will en- 
courage those consumers to buy, is advo- 
cated by the authors. In discussing the 
price-making policies of the petroleum in- 
dustry they say: 

“In addition to the traditional type of 
struggle for a given market among the 
firms which have long been doing business 
there, and the invasion from without by 
companies which, though new in the par- 
ticular market, had long been operating 
along conventional lines elsewhere, the oil 
industry has in it a type of management 
which consciously subscribes to the 
hilosophy of striving vigorously for the 
Sonat possible costs, and then extending 
its field of operations by the lowering of 
prices—at least to whatever point may be 
necessary to market its expanding volume 
of output.” 


Process Handbook 
Available 


HE Process Section of the Composite 

Catalog of Oil Refinery and Natural 
Gasoline Plant Equipment, has been re- 
printed and bound as a separate volume 
and is available from THE REFINER, Box 
2811, Houston, Texas. Price, $1.00. This 
fifth (1938) edition of the Process Hand- 
book presents new refining ,processes in 
text and drawings, bringing earlier editions 
down to date and including distillation 
processes, cracking polymerization, solvent 
extraction and dewaxing, clay treating, 
acid treat, sweetening, gas purification and 
natural gasoline manufacturing, etc. Pri- 
mary working charts of all modern refining 
processes are shown in blue print, each 
with a printed page of engineering explana- 
tion. Nearly 40 pages of general engineer- 
ing information and tables are included. 


VY PLANT ACTIVITIES VY 


Catalytic Cracking: Socony-Vacuum 
Oil Company has announced plans for 
construction of Houdry catalytic crack- 
ing units at company and subsidiary 
company refineries at Beaumont, Tex- 
as, Brooklyn and Buffalo, N. Y., Pauls- 
boro, N. J., Augusata, Kansas, Detroit, 
Mich., and East St. Louis, Ill. The com- 
pany has one unit operating at Pauls- 
boro, and one unit completed at the 
Magnolia Petroleum Company plant, 
Beaumont, Texas. Reports state that 
units are contemplated at a General 
Petroleum Corporation plant in Cali- 
fornia. The building program is to in- 
volve expenditure of approximately 


$24,000,000. 


Catalytic Cracking: Sun Oil Company 
has announced plans for construction 
of two additional units of the Houdry 
catalytic cracking process at its re- 
fineries to cost around $11,000,000. The 
company has one unit of this type in 
operation at Marcus Hook. 


Refinery: Capartee Petroleum Prty., 
Ltd., Sydney, Australia, under arrange- 
ments with an American group, is re- 
ported planning a 140-mile pipe line 
from Baerami to Sydney for transport- 
ing crude shale oil to a refinery to 
be erected near Sydney. The refinery 
will cost around $3,000,000 and the pipe 
line around $2,225,000. 


Operating: The Czechoslovakian gov- 


ernment has completed construction and is 
operating its government owned refinery at 
Dubova, near Banska Bystrica, Slovakia, 
which is located as remote as possible 
from the frontiers, and is processing 
crude from the Egbell field. The plant 
can supply about one fourth of the 
total demand for the country. 


Polymerization: Pennzoil Company, 
Oil City, Pa., has signed license agree- 
ment with Universal Oil Products 
Company for installation and opera- 
tion of a catalytic polymerization unit. 


Cracking: Magnolia Petroleum Com- 
pany, Beaumont, Texas, has completed 
installation of its first Houdry type 
catalytic cracking unit and is reported 
planning to start construction of a sec- 
ond large unit in the near future. 


Improvements: Arkansas. Fuel Oil 
Company, Shreveport, La., has started 
construction of its new polymerization 
unit of thermal type under the Pure 
Oil patents, a new gas oil cracking 
unit, a new naphtha reforming plant, 
and a crude oil furnace to increase heat 
input to present topping facilities. Con- 
tract has been awarded to Alco Prod- 
ucts Division of American Locomotive 
Company. Cracking and reforming ca- 
pacity is reported at 2,000 barrels, while 
yield from the poly plant is reported 
as 11,000 to 20,000 barrels of poly 
liquids monthly, and gases from exist- 








No. 1500—Double Jacketed Cor- 
rugated Metal-Asbestos Gasket 


your purpose. 








metal casing with Asbestos filler 


MELRATH SERVICE includes any desired 
study of your needs, information, advice, 
sketches, samples or other cooperation nec- 
essary to design Gaskets to exactly suit 


MELRATH Style No. 1500 is widely used in 
Oil Refineries, Power and Chemical Plants. 
So is Style No. 20, which is often made in 







STANDARD & SPECIAL 


If your Gasket requirements are unusual, you 
will find MELRATH SERVICE and facilities fully 
capable of meeting your needs. 


tures. 


Do not hesitate to ask for information or advice. 
You incur-no obligation. Our experience is at 
your command. 


Send for Catalog 


MELRATH 


SUPPLY & GASKET CO-INC- 


TIOGA & MEMPHIS STS., PHILADELPHIA, PA. 


special shapes for Heat Exchangers, Cylin- 
der Heads, Condensers, etc. Style No. 10, 
made in any size or shape, is also safely 
used under high temperatures and pres- 
sures. No. 100 is suitable for use for oil, 
acids, chemicals, steam and water under 
both low and high pressures and tempera- 


No. 20—Double Jacketed Gas- 
ket; metal casing with Asbestos 
iller 
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No. 1 Jorrugated Metal Gas- 
ket for pipe flanges with smooth 
surfaces 
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Dowtherm Heating Systems 


The development of new refining processes requiring high and closely con- 
trolled temperatures has emphasized the inadequacy of direct fired heating 
methods. On account of its high boiling point, that is, 500° F. at atmospheric 
pressure and 700° F. at 88 pounds gage, Dowtherm has proven ideal for indirect 
high temperature heating service. At the present time there are about sixty to 
seventy Dowtherm boilers in successful operation. 

The principal advantages of Dowtherm vapor heating in the refinery might be 
summarized as follows: 




































f, HIGH TEMPERATURE 
WITHOUT 
HIGH PRESSURE 


Fractionating 
~<€— Tower 





2 POSITIVELY 
CONTROLLED 
TEMPERATURES 


As the supply of heat in the form 
of Dowtherm vapor to the oil is 
automatically controlled by ther- 
mostatically actuated valves, the 
resulting temperature in the oil 
does not reflect changes in the 
firing rate and the oil is not sub- 
jected to localized overheating. 








Reheater 





3 SIMPLIFIED 
ARRANGEMENT 

Elimination of direct fired re- 
boiler stills and accompanying 
pump charges can be accom- 
plished by the use of Dowtherm 
heated tubular reheaters on the 
trays of the tower, or by the 
use of an external Dowtherm 
heated reboiler. 
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Flow diagram of Dowtherm System for petroleum fractionation 
MINIMUM OUTAGE FOR CLEANING. When used in properly designed equip- 
ment, Dowtherm is not scale forming. 


cay SIMPLICITY OF OPERATION. The operation of a Dowtherm heating system is as 
simple as that of a low pressure steam heating system. 
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ing cracking units will be processed to- 
gether with gases from new units going 
in. Some of the older cracking capacity 
will be retired from service. 


Polymerization: Home Oil & Refin- 
ing Company, Great Falls, Montana, 
plans early construction of a catalytic 
polymerization unit to operate under 
license from Universal Oil Products 
Company. 


Polymerization: Johnson Oil Refin- 
ing Company, Cleveland, Oklahoma, 
has signed license agreement with Uni- 
versal Oil Products Company and will 
erect a new catalytic polymerization in- 
stallation. 


DEPENDABLE 


Operating: Root Refining Company, 
El Dorado, Arkansas, has completed instal- 
lation of a modern Dubbs cracking 
installation and has started operating. 


Cracking: Humble Oil & Refining 
Company, at its Baytown, Texas, plant 
is planning to start construction soon 
of a 20,000 barrel or more, daily capac- 
ity combination type cracking, reform- 
ing. skimming unit to be completed in 


Cracking: Shell Petroleum Corpora- 
tion is planning to continue the im- 
provement and enlargement of its 
Houston, Texas, refinery through in- 
stallation of another large combination 


plus IDEAL DRIVE 
CHARACTERISTICS 


plus ECONOMY 





You Get Triple Values, by Using 
TROY-ENGBERG STEAM ENGINES 








No better test of the dependability of equipment can be found than 
in its behavior on “record runs.” At Bradford, Pa., the Kendall Refin- 
ery Company not long ago completed a record run of 168 days. 
Troy-Engberg Steam Engines drove the light oil charging pumps 


without a sign of failure. 





One of several Troy-Engberg Steam En- 
pumps in the Port Arthur 
Refinery of The Texas Co. 


As for drive characteristics, these 
units have high-starting torques and 
come up to speed very quickly. They 
can handle heavy overloads for long 
periods. They are flexible in that they 
cover a wide speed range and re- 
spond readily to close automatic con- 
trol. 


Economy comes from the low main- 
tained steam consumption, low oil 
consumption and almost complete 
absence of repairs and maintenance 
year after year. Catalogue 305 gives 
full details. 


TROY ENGINE AND MACHINE CO. 


Established 1870 
953 Railroad Ave., Troy, Pa. 





cracking, reforming and skimming unit 
to operate under Dubbs license. Fur- 
ther increases in polymerization sys- 
tems are reported planned at this plant. 


Improvements: Atlas Pipe Line Com- 
pany, Shreveport, Louisiana, is reported 
planning extensive improvements in the 
distillation side of its skimming and 
cracking plant. 


Polymerization: Mohawk Petroleum 
Corporation, Mopeco, Kern County, 
California, plans early installation of a 
catalytic polymerization unit to operate 
under license agreement with Universal 
Oil Products Company. 


Polymerization: Northwest Refining 
Company, Cut Bank, Montana, has 
signed license agreement with Univer- 
sal Oil Products Company for installa- 
tion and operation of a catalytic poly- 
merization unit. 


Operating: Tide Water Associated 
Oil Company has completed construc- 
tion of its new Texaco Solvent De- 
waxing Process plant at Bayonne, N. J., 
and started operating the unit in Oc- 
tober. 


Refinery: Consolidated Refineries, 
Ltd., is reported to have completed pre- 
liminary plans for construction of a 
refinery in the Haifa Bay area, Iraq. A 
railway siding is to be constructed from 
the Haifa-Acre line to the refinery site 
for handling materials from Haifa Har- 
bor. The project is being sponsored 
by Anglo-Iranian and Shell interests. 


Repairs: Ohio Oil Company is plan- 
ning early repairs to that portion of 
its refinery at Robinson, Illinois, dam- 
aged extensively by a fire which oc- 
curred late in September. 


Dewaxing: Sinclair Refining Com- 
pany has let contract to the Lummus 
Company for construction of a Texaco 
type solvent dewaxing installation at 
Wellsville, N. Y., to replace equipment 
destroyed by fire several weeks ago. 


Improvements: Arkansas Fuel Oil 
Company, Shreveport, La., has let con- 
tract to Alco Products Division for 
construction of a combination skim- 
ming, cracking, reforming and polymer- 
ization plant. 


Improvements: Talco Asphalt and 
Refining Company, Mt. Pleasant, Tex- 
as, has converted one of its cracking 
coils into a reducing still to reduce 
the production of asphalt from 45 to 
15 percent yield, and also to provide 
clean cracking stock for the Dubbs 
cracking units. 


NGINEERS are proceeding with 

studies of the contemplated 450- 
kilometer gasoline pipe line from te 
Atlantic coast to the center of France, 
and the project has not been authorized 
pending their work. The line would be 
built by the French government, at a 
cost of about 150,000,000 francs, with 
funds for public works, as a national 
defense undertaking. It would extend 
from the port of Donges, where several 
refineries are located, to a point near 
Montargis, about 15 kilometers from 
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FROM 


Michigan Crude 


The makings were right there all the 
time McClanahan Refineries, Inc St 
Louis, Michigan, brought them out and 
put them together 


McClanahan has harnessed Dubbs 
reforming and U. O. P. catalytic poly- 
merization into a team that 1s making 
a hitherto unheard-of product from 
Michigan crude 


It’s a 75-octane gasoline—without any 
benzol and without any lead They're 
featuring it in addition to their regular 
70-72 octane gasoline 


Do you know any other processes 
that can give you such results from 
Michigan crude? 

NOTE: The royalty rate for Dubbscracking is 
now 5 cents per barrel throughput For reform- 
ing it’s 2 cents If you want to know the rate for 


U. O. P. catalytic polymerization—and what it will 
do for you—the answer is yours for the asking 


Universal Oil Products Co 
Chicago, Illinois 


Dubbs Cracking Process 
Owner and Licensor 
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The abstracts here presented are selected from the current literature of science and 
technology to afford reference to fundamental information not easily available to all read- 
ers. Abstracts of articles appearing in readily obtainable trade journals are not included. 

Photostat copies of original articles will be supplied at cost by the Leslie Laboratories. 
Complete or limited bibliographies covering special topics by title, by abstracts, or in com- 
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Fundamental Physical and 
Chemical Data 


Specific Heats of Organic Vapors, 
P. Fucasst anp C. E. Rupy, Jr., Ind. & 
Eng. Chem. 30 (1938) pp. 1029-30. 


The Einstein functions used in the specific 
heat equation of Bennewitz and Rossner are 
recalculated in the form of the power series, 
I's + PiT + T2T?. Use of the [’ constants leads 
to a specific heat equation of the conventional 
form. Values of constants for different bonds 
are given. As an example, the method is ap- 
lied to the calculation of the specific heat of 
enzene vapor over a range of temperatures. 
Calculated values are found to agree well with 
experimental values. 


Viscosity of Air, Oxygen and Nitro- 
gen, P. J. Ricpen, Phil. Mag. 25 (1938) 
pp. 961-81. 


The capillary flow method of Bond was used. 
For air, nas° = (1830.34 + 0.60) .10-7 c.g.s. The 
temperature coefficient is (4.93 + 0.11).10-*/de- 
gree. For nitrogen, n17C° = (1738.2 + 0.73) 
107 with a coefficient of 4.76.10-*/degree. For 
oxygen, nl17° = (2010.5 + 0.9).10-* with a tem- 
perature coefficient of 6.23.10-'/degree. The 
value determined for air is in good agreement 
with a value computed from the viscosity of its 
components. Possible errors in the measure- 
ments are discussed. 


The Viscosity Function, E. P. Irany, 
Jour. Am. Chem. Soc. 60 (1938) pp. 
2106-15. 


Viscosity is well defined as a physical quan- 
tity and accurately measurable. Yet, so far, its 
relations to temperature, pressure, dilution, 
chemical constitution, and so on, are somewhat 
obscure. Numerous empirical rules have been 
proposed but none of them can claim general 
validity or real physical significance. The main 
purpose of the present paper is to offer evidence 
that such laws exist and can be expressed. 
Through application of a method of graphical 
analysis the author reaches three conclusions: 
(1) a function of viscosity exists @ (n), or 
the “‘g scale’ which is generally additive in 


terms of volume, i. e., of dilution in ideal 
mixtures; (2) a function of viscosity exists 
which is generally additive in terms of tem- 
perature. This function or functional scale is 
identical with the above, g. Temperature and 
dilution have the same quantitative effects upon 
viscosity. (3) Another function of viscosity 
exists, II (n), or the “II scale,” which is gen- 
erally additive in terms of pressure. If vis- 
cosities are plotted in these functional scales, 
all normal or “ideal” additivity is represented 
as a straight line. Deviations from this course 
are accurately recognizable and are significant. 
Thus, the g diagrams reveal “non-ideal” condi- 
tions, i. e., associative or dissociative tenden- 
cies that could not be detected by other means. 
Extrapolation into the critical region suggests 
important conclusions regarding state discon- 
tinuity. The II scale shows the correct mag- 
nitude of the internal pressures of liquids which, 
according to this evidence, are characteristic 
for whole series of related substances. The 
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paper is an important contribution to the sub- 
ject of viscosity. 


Dipole Interaction in Mixtures of 
Water with Methyl, Ethyl, and Propyl 
Alcohols, and of Ethyl Alcohol with 
Heptane, A. R. Martin ann A. C, 
Brown, Trans. Faraday Soc. 34 (1938) 
pp. 742-8. 


Dipole interaction accounts for the deviations 
from Raoult’s law of the partial vapor pres- 
sures of water in solutions with methyl! alcohol, 
ethyl alcohol and propyl alcohol except in the 
neighborhood of pure water, where the pseudo- 
crystalline structure of water is apparent. The 
behavior of ethyl alcohol in mixtures with hep- 
tane resembles that of benzyl alcohol and phenol 
in mixtures with benzene. The approach to the 
problem may have application in studies of the 
vapor pressure relationship of hydrocarbon sys- 
tems. 


Chemical Compositions and 
Reactions 


Olefin Hydrogenation, V. N. IPATIEFF 
AND B. B. Corson, Ind. & Eng. Chem. 30 
(1938) pp. 1039-40. 


Both olefins and aromatics are readily hydro- 
genated in the pressence of nickel catalysts. 
The object of the investigation reported was to 
define conditions for the selective hydrogenation 
of olefins in the presence of aromatics. Ole- 
fins, such as amylene, diisobutene, and octade- 
cene, were selectively hydrogenated in the pres- 
ence of such aromatics as benezene, . toluene, 
and xylene, and also in the presence of the 
paraffine, n-heptane. In the batch process selec- 
tive hydrogenation was accomplished at pres- 
sures above atmospheric pressure, and in the 
continuous process at atmospheric pressure. 


The catalyst was made by precipitating basic - 


nickel carbonate in the presence of kieselguhr 
from nickel sulfate solution by means of sodium 
carbonate. he precipitate was washed free 
from sulfate, dried, decomposed, and finally 
reduced. The reduced catalyst contained about 
65 percent of nickel, the remainder being kie- 
selguhr. 
the same activity as Raney nickel and has the 
advantage of cheapness and ease of handling. 


Polymerization, R. E. Burk, Ind. & 
Eng. Chem. 30 (1938) pp. 1054-63. 


The many applications of polymerization that 
have been made and that are to come have 
created an active interest in the systematic 
presentation of the chemistry involved. Gen- 
eralizations can be drawn with respect to the 
relationship between molecular structure and the 
tendency of molecules to polymerize, These 
generalizations cannot be too rigid. One rea- 
son for this is that most polymerizations, ¢s- 
pecially those occurring in the liquid phase, 
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are strongly influenced by catalysts such as 
oxygen or the products of oxidation of un- 
saturated compounds. Catalysts that are effec- 
tive for polymerization are summarized. The 
precise snathaniens of the different actions 
of these catalysts have not been elucidated, 
although in some instances, such as the ac- 
tion of sodium on 1,3-butadiene, definite inter- 
mediate compounds are probable. . One school 
of ought suggests that in addition polymeriza- 
tions the growing polymer is a free radical. 
However, the proponents of this hypothesis 
have not agreed as to details. A second sug- 
gestion is to the effect that catalysts are es- 
sential to some polymerization phenomena and 
that the catalyst remains associated with the 
growing polymer which is not necessarily a free 
radical. This mechanism has been- reasonably 
well established in some instances but can- 
not be said to be general in explaining the 
phenomena of polymerization. The structure of 
solymers may throw light upon the mechanism 
os which these substances are formed, but the 
cumulative evidence thus far is too meager to 
carry much weight. In the author’s review, 
current thought rather than the author’s par- 
ticular theories are presented. 
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Dehydropolymerization of Ethylene, 
V. I. KoMAREWSKY AND N. Ba tat, Ind. & 
Eng. Chem. 30 (1938) pp. 1051-3. 


By subjecting ethylene to catalytic polymeri- 
zation in the presence of a polymerizing catalyst 
such as phosphoric acid, as well as a dehydro- 
genating catalyst, a directed conjunct  poly- 
merization takes place with increased forma- 
tion of aromatic hydrocarbons. . When ethylene 
is subjected to a thermal polymerization, but 
with no polymerization catalyst present, but in 
the presence of a dehydrogenating catalyst such 
as nickel, aromatic pdetceriens are formed. 
Both of these reactions may be termed ‘‘de- 
hydropolymerization.” 


Preparation of Naphthene-Sulphonic 
Acids from Petroleum, S. -Von Prat 
AND N. TurkieEwicz, Petrol. Z., 34 (1938) 
p. 5. 

The author’s work was concerned with sul- 
phonic acids derived from naphthene hydro- 
carbons, and not with by-products from the acid 
refining of distillates. The direct action of 
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sulphuric acid or SOs on cyclo-paraffins is ac- 
companied by oxidation. Therefore the authors 
employed the Strecker reaction as a means of 
introducing SOsH groups. Naphthenic acids 
were converted into methyl esters, which were 
then fractionated b distillation. Fractions 
were reduced to alcohols by means of metallic 
sodium and alcohol. -Chlorides were prepared 
through the action of PCls. On heating the 
chlorides with excess crystalline sodium sul- 
phite in an autoclave for 2 hours at 200°C. 
sodium sulphonates were produced. Some _al- 
cohol was formed by hydrolysis, but olefine 
formation was slight. The sodium sulphonates 
were extracted from the mass with alcohol, 
and the extract, after evaporation of alcohol, 
was treated with petroleum spirit to remove 
the naphthenic alcohols. Barium or mercury 
salts were precipitated from the aliphatic sul- 
phonates, leaving the barium and _ mercury 
naphthene-sulphonates in solution. The Cu, 
Cr, and Cx acids were prepared in a pure 
state. These substances were found to_ be 
strong acids, readily soluble in water. They 
yield colorless, crystalline sodium salts. The 
calcium, barium and mercury salts are water 
soluble. Sodium salts reduce the surface ten- 
sion of water and promote frothing. 


Manufacture: 
Processes and Plant 


Separation Processes. General Meth- 
ods of Analysis, M. RANDALL AND B. 
Lonetin, Ind. & Eng. Chem. 30 (1938) 
pp. 1063-7. 


The introduction to a general graphical 
method of study of two-component separa- 
tion processes, of which the method of Pon- 
chon is a_ special case, is presented. The 
method makes use of a molal property vs. 
mole fraction diagram. Graphical methods of 
representing the conditions of material and 
heat balance are given that are not dependent 
upon attainment of equilibrium conditions and 
that are free from other unnecessary restric- 
tions. The application of the method is illus- 
trated by detailed consideration of simple 
column sections and of feed and withdrawal 
sections in a column. 


Multipass Exchanger Calculations, 
H. Ten Broeck, Jnd. & Eng. Chem. 30 
(1938) pp. 1041-2. 


The author briefly reviews the work of 
Underwood, Nagle, and Fischer, with respect 
to the correct average temperature difference 
to be employed in multipass heat exchanger 
calculations. Nagle’s chart for 1-2 and 2-4 ex- 
changers can be used -conveniently when the 
terminal temperatures are known or when they 
are set by the conditions of the problem. 
However, when the terminal temperatures are 
to be determined, for example, when an ex- 
changer of known area is to be used for a 
service for which it is not designed, use of 
Nagle’s or Fischer’s charts involve trial-and- 
error solutions. The author presents a method 
for the solution of these problems that per- 
mits direct solution. The method is limited 
to cases where sensible heat is transferred. 
It does not apply to condensers. 


Steam Condensation. Effect of Tube 
Position, H. T. Quicc, W. C. Moyer, 
AND R. L. Huntincton, Ind. & Eng. 
Chem. 30 (1938) pp. 1047-51. 


Overall coefficients were obtained using a 
single-tube steam condenser placed in _ hori- 
zontal, 45°, and vertical positions. The nature 
of the different types of condensation was ob- 
served through a Pyrex glass jacket enclosing 
the steam space. The Reynolds numbers in 
consistent units for the cooling water, Dup/u, 
varied from 3,000 to 50,000 and for the steam 
condensate, 4['/u, (with the tube in the 45° 
and vertical positions) from 200 to 1500. At 
the slower rates of flow the effect of tube 
position was negligible, but at the higher Rey- 
nolds numbers the over-all coefficients for the 
45° and horizontal tube positions were approxi- 
mately 25 to 50 per cent higher, respectively, 
than the corresponding ones for the vertical 
position. By graphical analysis the individual 
film coefficients for the water film were found 
to vary from 200 to 3800 B.t.u./hour/square 
foot/°F., depending largely upon water velocity ; 
the condensing steam film coefficients were 
795, 1060, and 1370 for the vertical, 45°, and 
horizontal positions, respectively. e ratio 
of the areas covered by dropwise condensation 
of steam to sthose of film condensation was 
about 1 to 4 for the horizontal tube and 1 to 9 
for the vertical: tube. 


Heat Transfer in the Condensation 
of Steam, M. FIsHENDEN, Engineering 
145 (1938) pp. 643-5. 


Steam condenses to form a film on clean or 
slightly roughened surfaces that are in a ‘“‘wet- 
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without a 


Record-breaking high vacuum tower (at left), which 
ran 718 days without a shutdown. Designed by 
Foster Wheeler Corporation for a Mid-Continent 
refinery. Between June, 1936, and March 30, 1938, 
this unit processed 8,755,719 barrels of crude. 


Record-breaking run of atmos- 
pheric-vacuum distillation 
unit also a record for Taylor 
Control of temperature, pres- 
sure, flow and liquid level 


ERE’S another record for the 
book! In June, 1936, an Okla- 
homa Mid-Continent Refinery began 
operation of a large atmospheric and 
vacuum distillation unit. 


Almost 2 years later it was still on 
stream, a continuous run of 718 days. 
It has an average daily through-put 
of 13,500 barrels, with the Unit often 
pushed above rated capacity. Process- 
ing a crude below-average Mid -Con- 
tinent grade, the record is the result 
of advanced refinery engineering, ex- 
pert operation and good control. 


Taylor Instruments took an impor- 
tant part in helping to make the 
continuous run. They regulated tem- 
peratures, flows and pressures without 
interruption, and maintained them 
vithin such close limits that the end 
points of the products were held more 
constant than was previously thought 
possible. The completely satisfactory 
performance of Taylor Control during 
this record-breaking operation led to 


its. specification in similar units in 
other refineries. 

This is just one example of how 
Taylor Instruments today are fitting 
into advanced refinery operation. 
Taylor Engineering hasdeveloped Con- 
trol Systems that have proved beyond 
doubt an ability to bring new high 
operating efficiency to refinery units, 
with resultant lowering of costs and 
production troubles during regular 
operation, as well as test runs. The 
precision control and remarkable du- 
rability of Taylor Systems are making 
records today that you can take ad- 
vantage of in your own refine *. 


You will find Taylor Instruments in 
selective cracking units, reforming 
units, pressure distillate re-run units, 
topping plants, cracked naphtha units, 
single and combination distillation 
units, recovery and stabilizing units. 
Whatever your needs, Taylor 
Engineers can contribute practical 
experience in applying efficient and 
economical control. To get this service 
ask a Taylor Representative or write 
to Taylor Instrument Companies, at 
Rochester, N. Y., or at the nearest 
local office. Manufacturers in Great 
Britain— Short & Mason, Ltd., Lon- 
don, England. 
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shutdown! 











Distillation unit of another large refinery which is 
also a Foster Wheeler job and uses Taylor Control. 
Capacity—19,000 barrels a day. 
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TEMPERATURE, PRESSURE, FLOW 
and LEVEL INSTRUMENTS 





table’ condition, whereas the condensation is 
drop-wise on highly polished and greasy sur- 
faces. Heat-transfer coefficients for drop-wise 
condensation are five to seven times as 6. ~ 
as the coefficients for film condensation. n 
modern condenser practice the heat-transfer 
coefficient when steam is condensed to a film 
is of the same order of magnitude as the coef- 
ficient on the water side, which latter coef- 
ficient can only be increased at the expense of 
high water velocities. Hence the possible gains 
to be had through inducing drop-wise condensa- 
tion is attractive. Small amounts of air in the 
steam affect the heat transfer adversely. One 
percent of air reduces the coefficient 67%. 


Log Mean Difference, T. N. Datton, 
Ind. & Eng. Chem. 30 (1938) p. 1081. 


A method for quickly computing the log mean 
difference between two values is given. A log- 
log slide rule is used. The steps are: (1) sub- 
traction of the smaller value from the larger; 
(2) divide the larger value by the smaller; (3) 
divide the difference by the log of the ratio. 
To do this, place the- difference (1) on the 
scale opposite the ratio (2) on the log-log scale, 
and read the index, or N, of the log-log scale, 
to get the answer on the C scale of the rule. 


The Principles of Solvent Dewaxing. 
Part III: Equilibria and Computations 
for Double Solvent Systems, M. Ba 
Tu, T. G. Hunter, ano A. W. NASH, 
Jour. Inst. Pet. Tech. 24 (1938) Pp. 453-67. 


The present paper is the third of a series 
on the representation and computation of equi- 
libria in dewaxing processes employing single 
solvents or double solvents. A system com- 
prising a commercial grade, of refined wax, low 
viscosity hydrocarbon oil free from_ asphalt, 
and one, two, or more solvents can be repre- 
sented at equilibrium by the usual phase-rule 
graphs and models. In order to do this the 
substances wax and the hydrocarbon oil have 
been treated as if they were single components. 
It has been shown that the equilibrium dia- 
rams involved can be successfully employed 
or forecasting dewaxing operation results on 
a synthetic stock comprising refined wax and 
low-viscosity asphalt-free oil. The results ob- 
tained by such computations are quantitatively 
exact if the dewaxed oil and wax cake ob- 
tained are reported in terms of wax and oil con- 
tent. If, however, the dewaxed oil and 
wax cake are described in terms of pour 
point and melting point, the equilibrium dia- 
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grams are no longer exactly quantitative. How- 
ever, out of twenty-nine small-scale dewaxing 
runs, the maximum percentage error occurring 
in the calculated pour point of the dewaxed 
oil was 3.2 percent, and the maximum percent- 
age error in the calculated yield of the de- 
waxed oil was 8.1 percent, while the average 
percentage errors were 0.1 percent and 2.1 per- 
cent respectively. The authors state, however, 
that their methods in their present form cannot 
generally be used for accurate or reliable com- 
putations in commercial dewaxing operations. 
This is because the wax separated commercially 
is not of well-defined character. Also, the oils 
frequently contain resinous asphaltic substances 
that may separate as a second liquid phase on 
addition of the solvents. The principle aim 
in anne eae the research has been the in- 
vestigation of dewaxing principles on a quan- 
titative fundamental basis. It is believed that 
knowledge of the principles will ultimately lead 
to practical benefits. 


Spray Cooling Ponds, H. E. Srtip- 
STONE, Ind. & Eng. Chem. 30 (1938) 
pp. 991-2. 

Data are given for the designs of spray 
ponds. Nozzles are usually placed in groups 
of four, each group handling 200 gallons per 
minute of water. These groups are placed 13- 
foot centers along the supply lines and 25 feet 
is allowed between rows m4 sprays and sides 
of the pond. The tips of the nozzles are placed 
5 feet above the water level in the pond, and 
are set to spray upward. A chart is given 
showing the cooling to be expected at any 
given temperature of water, and different air 
temperatures and humidity. Nozzles are usually 
made of bronze, spray arms of galvanized steel, 
and the supply piping and fittings of cast iron. 
The approximate present-day cost of the equip- 
ment over a pond of 5000 gallons per minute 
capacity, exclusive of the pond iself, is approxi- 
mately 35 cents per ga'lon of water sprayed, 
based on the use of 200 gallon per minute spray 
groups operating at the recommended pressure 
of 7 pounds per square inch at the nozzles. 


Base-Metal Thermocouples: Their 
Characteristics, M. R. MANDLEKAR AND 
H. N. Banerjea, Jour. Soc. Chem. Ind. 
57 (1938) pp. 276-8. 

Although base-metal thermocouples, especially 
those of constantan and iron (or copper), have 
been in use for accurate temperature measure- 
ment at low temperatures (100-105°C.), their 
use at elevated temperatures has not been 
found satisfactory owing to their susceptibility 
to oxidation. Calibration curves of some com- 
mon base-metal thermocouples have been ob- 
tained for the temperature range 0-800°C. 
Amongst the thermocouples found suitable for 
frequent and reliable use are the nichrome- 
constantan, iron-constantan, and copper-con- 
stantan, the last two, however, being restricted 
to use at low temperatures owing to the sus- 
ceptibility to oxidation of iron and copper. 
Nickel thermocouples generally show irregular- 
ity in the thermo-e.m.f. curves over the range 
250-400°C., but the irregularity is overcome 
when constantan is in combination with nickel. 
Neutral points for nichrome-iron and _ copper- 
iron couples have been determined at 205° and 
275°C. respectively. A method of checking the 
calibration curves of couples is given. 


Products: Properties and 
Utilization 

The Combustion Process in the 
Diesel Engine, G. D. BoERLAGE AND J. J. 
BrRoEzE, Chem. Revs. 22 (1938) pp. 61-87. 


In analyzing the combustion process in the 
Diesel engine the authors consider the _for- 
mation of the combustible mixture, the ignition 
of the mixture, and the four stages of com- 
bustion, i. e., delay, inflammation of the fuel 
present at that moment, injection-controlled 
combustion, or the burning of fuel injected into 
the flame, and after-burning of all the fuel that 
has not united with oxygen. The process is 
considered from both the physical and chemical 
standpoints. 


Practical Running Tests on Ma- 
chinery Oils, K. O. Mutter, Oe/ u. 
Kohle, 4 (1938) pp. 437-44. 


In order to correlate the composition and 
physical properties of oils with their value 
as lubricants, tests were run with toothed and 
worm gears arranged to operate under condi- 
tions as nearly as possible those in the rear 
axle of a motor vehicle: Temperature at various 
points was recorded, and wear was measured 
by determining \the increased ash content ot! 
the oil. The more viscous oils operated with 
less wear, but had high running temperatures. 
When very viscous oils were used, however, 
the temperature rise was so great as to cause 
increased wear. Additions of graphite or o! 
organic phosphorous compounds showed no ad- 
vantages. Small amounts of fatty oil reduced 
wear but had little effect on the working tem 
perature. The natural resinic constituents 0! 
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HOW MUCH DO YOU KNOW ABOUT 


BUBBLER CAPS? 


Q. What type of bubbler caps are now used by 
a large percentage of the oil industry in frac- 
tionating equipment? 

A. Alloy Bubbler Caps made byjThe Pressed 
Steel Company. 





































Q. What is the chief reason for this widespread 
preference? 


A. Bubbler caps as made by The Pressed Steel 
Company save refiners money because they 
are made in a selection of special alloys to 
meet every corrosion problem. They wear 
longer and’ coke much more slowly than 
other types. A further heat treatment after 

sa fabrication insures longer useful sérvice on 


the job. 





Q. Do these bubbler caps offer any saving in 
weight? 

A. The bubbler caps of The Pressed Steel Com- 
pany are approximately 75% lighter than 
other types, reducing freight and handling 
charges substantially and making installa- 
tion quick and easy. Use of these bubbler 
caps materially reduces weight in the tower. 


Q. How do these lighter bubbler caps simplify 
cleaning operations? 

A. Bubbler caps made by The Pressed Steel 
Company will not crack or break under vig- 
orous hammering or brushing, as other types 
do. Replacement is reduced to a minimum; 
and because of their lightness and ease of 
handling, the whole cleaning process is ac- 
complished in the least possible time, elimi- 
nating long shutdowns and delayed pro- 
duction. 


Q. Can I secure an estimate of the cost of fitting 
these superior bubbler caps to my present 
construction? 


A. Certainly. Just send your blue prints to 








The PRESSED STEEL CO. 


WILKES-BARRE, PENNA. 
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the oil are helpful in ey eyo 4 a film. Pit- 
ting developed locally on the teeth of the driven 
wheel. The cause of this was not determined, 
and may not be connected with the oil. 


Lubrication of Automobile Engines 
(Otto), K. O. Mutuer, Oel u. Kohle, 18 
(1938) p. 365. 


Fourteen oils, differing in source and in 
methods of refining, were tested in a test- 
engine and in vehicles on the road. The pur- 
pose of the work was to find specifications and 
tests that would bear some relationship to 
practical requirements of lubricating oils. The 
value of interfacial tension determinations in 
the judging of lubricity is discussed, and a 
method for the actual estimation of polar ma- 
terial by absorption on active earth is_ given. 
A volatility test, described by Noack, is pro- 
posed as a laboratory ageing test that re- 
produces the condition of the oil after 50 hours 
use in the testing engine. Satisfactory agree- 
ment between the volatility test and use in 
engines was found for carbon residue, viscosity, 
and asphalt and resin content. Oil consump- 
tion was found to be higher and volatility less 
in engines running on gaseous fuel than in 
those using liquid fuel. This suggests that 
unburned liquid fuel acts as a seal between the 
piston and the cylinder wall, thus reducing oil 
consumption. With regard to startability, vis- 
cosity at low temperatures is of more impor- 
tance than pour tests. It was found that the 
maximum oil viscosity at which a number of 
engines could be started was about 1500° Eng- 
ler. It was recommended that viscosity require- 
ments be specified as maximum and minimum 
values permissible at 100°C., taken in  con- 
junction with viscosity pole-height. 


The Deterioration of Turbine and 
Transformer Oils in Service, W. 
FRANCIS AND K. R. GARRETT, Jour. Inst. 


Pet. Tech. 24 (1938) pp. 435-40. 


It is noted that although much work has 
been done on the deterioration of lubricating 
and insulating oils in service, this has been 
concentrated mainly on the measurement of 
changes in physical properties, rather than on 
the investigation of the nature of the chemical 
changes. taking place. The authors’ contribution 
relates to the chemical aspects of the problem, 
and particularly to the deterioration of tur- 
bine and _ transformer oils. Methods of deter- 
mining the acidity of oxidized oils are dis- 
cussed, including electrometric titration. By 
using a method in which a known weight of 
oil in xylene dried over sodium is added to an 
excess of amyl magnesium iodide, it is shown 
that only a small part of the oxygen com- 
pound in the oil is acid in character. Apparent- 
ly oxygen at first attacks reactive groupings 
without the formation of acidic substances. The 
use of the Grignard reagent throws new light 
on possibilities of reclaiming methods. For 
example, after repeated extraction of used 
turbine oil with alcohol, a residual oil was ob- 
tained that proved to be entirely free both of 
acidic and oxygenated groupings. The oxygen- 
ated compounds were isolated as dark-colored 
resinous substances when the alcohol was dis- 
tilled from the extracts. 


Contribution to the Study of the 
Changes Occurring in Lubricating Oils 
in Internal Combustion Engines, H. 
WEtss AND A. Mariiart, Jour. Inst. Pet. 
Tech. 24 (1938) pp. 407-20. 


From a study of oils used in engines over 
a long period of operation the authors con- 
clude: (1) Oil deterioration is chiefly caused 
by oxidation. The most dangerous products are 
sludges insoluble in hot oil. These sludges 
are also insoluble in chloroform. The origin 
of these sludges is actually the lubricating oil, 
and not the fuel; it may be accepted, however. 
that incomplete combustion products of the fuel 
may in some cases be found in the oil. From 
these products they were able to isolate sub- 
stances capable ef forming resins. (2) The 
seat of the formation of insoluble oxidation 
products is the cylinder. It appears that oxida- 
tion in the crank-case need not be considered 


. in the formation of these products, because the 


temperature is too low, the atmosphere of the 
crank-case quickly loses a large part of its 
oxidizing power because of the blow-by, and 
because it appears that cracking, properly 
speaking, plays an unimportant part in the al- 
teration of the oil, although it unquestionably 
occurs in the combustion chamber. 

Following the engine tests, work was con- 
ducted in the laboratory, It was found neces- 
sary to go to 300°C. in order to obtain an 
amount of sludge sufficient to be easily weighed. 
Data are given on a series of laboratory tests 
under oxidizing conditions at temperatures from 
200° to 350°C. 


The Temperature-Sensitivity of Vis- 
cous Oils, D. J. W. Kreuten, Jour. Inst. 
Pet. Tech. 24 (1938) pp. 441-52. 


It is well known that the pour point of 
viscous oils depends upon the temperature to 











eh ee ee 


REFINERY 
EQUIPMENT 


ASME Class | Welded Vessels 

Towers and Tanks, Riveted or 
Welded 

Agitators 

Absorbers 

Condenser Boxes 

Heat Exchangers 

Pressure Vessels 

Stills 

Still Bottoms 

Fabricated Plate Work 

Special Machinery 

Angle Bending 

Any Special Equipment for Re- 
fineries 


i 
< 


> RY" 


built to special order by 


SUN 


SHIPBUILDING & 
DRY DOCK COMPANY 


CHESTER, PA. 


with these exceptional 


PLANT FACILITIES 


X-Ray Equipment 

Stress Relieving Furnace for tow- 
ers up to I7 feet diameter, 
any length 

Metallurgical Laboratory 

Tank Shop 

Steel Shop 

Foundry 

Complete Machinery Plant 

Complete service for building 
made-to-order equipment. Alll- 
welded or riveted vessels 

Chrome-Nickel and Alloy Weld- 
ing and Machining 

Rail or Water Shipments 


> 


November, 1938—A Gulf Publishing Company Publication 











Liquid-Level Regulators for Shipment to South America 


Customer in Peru 
Orders TEN MORE 


UR ORDERS, each for ten C-F Vigilant Liquid-Level Regula- 
tors of the same type, have come from a single user in Peru. 
Our illustration shows the most recent lot ready for shipment. 
Regulators of this type maintain liquid levels constant in cracking 
stills, bubble towers, vaporizers, and the like. Ask for Bulletin 3113, 
also catalog of C-F Regulators for all requirements of pressure 


control. 


The 
CHAPLIN-FULTON MFG. CO. 


28-40 Penn Ave. Pittsburgh, Pa. 


I 











FORGED STEEL FITTINGS 


On pipe lines carrying oil or gas at high pressures and 
temperatures, use W-S Forged Steel Fittings. 

Especially designed for oil and gas service, these easily 
applied, rugged fittings can be relied on for longer and 
more dependable service. 

For complete satisfaction and lower costs in pipe line 


maintenance, specify W-S Forged Steel Fittings. 








Write for information on 
the line of sizes and types 
available, or get in touch 
with your nearest supply 


house. 








THE WATSON-STILLMAN CO. 
ROSELLE, NEW JERSEY 





which the oil has been heated previous to the 


test. This is commonly explained on the basis 


of the protective action of substances such 
as asphaltenes that are contained in the oil. 
The author studied this subject in some detail, 
and concluded that the phenomenon can be 
otherwise explained. Data are given showing that 
an oil containing no asphalt can have a larger 
drop in temperature than one containing sev- 
eral percent of asphalt. It is shown that the 
phenomena are not peculiar to petroleum oils, 
but that other substances such as honey, show 
the same peculiarities. The phenomena are re- 
stricted to systems of high viscosity. Gas oils 
show no temperature sensitivity even after the 
addition of asphaltene. The author is inclined to 
the belief that the explanation is largely to be 
found in the ordinary phenomena of crystalliza- 
tion. If an oil is heated to a temperature less 
than that at which the crystals are entirely dis 
solved, one type of crystallization occurs upon 
cooling. If heated above this temperature 
crystallization does not start from nuclei already 
present, but from numerous small nuclei that 
form upon cooling. 


Methods of Rating Diesel Fuels. P. 
H. SCHWEITZER, Chem. Revs. 22 (1938) 
pp. 107-42. 

The author discusses the history of Diesel fuel 
testing, the three groups of test methods used, 
i.e., bomb tests, engine tests and physiochemical 
methods of fuel rating, the four methods in use 
which are based on the ignition-lag index, i.e., 
the indicator, the knock-meter, Socony-Vacuum 
and Penn State methods, the standardization of 
operating conditions, and the present status of 
Diesel fuel testing. The appendices include a 
statement of tentative standard operating condi- 
tions and procedure for the delay-period method 
of rating Diesel fuels, and the procedure recom- 
mended for testing Diesel fuels by the fixed 
ignition lag method. 


The Comparison of the Specific Sur- 
faces of Finely-Divided Solids, P. J. 
ASKEY AND C, G. P. FEACHEM, Jour. Soc. 
Chem. Ind. 57 (1938) pp. 272-6. 


It is difficult for the technical investigator 
dealing with powdered or granular solids to ob- 
tain precise measure of their states of division. 
‘The conception of the total area of the surface 
of a solid has no réal physical meaning, since 
the particles are not bounded by geometrical 
surfaces. Nevertheless, for practical purposes, 
useful comparisons of the areas of different 
samples of the same material can be made by 
adsorption measurements. There are many 
methods for doing this. The one selected by the 
authors for their own measurements is the ad- 
sorption of argon at the temperature of liquid 
air. This method has the advantage that_it 
does no permanent damage to the specimen. The 
method is described in detail, and several appli- 
cations are indicated. 


Laboratory Columns Packed with 
Silicon Carbide, H. J. Hatt anp G. 
BrYANT BacHMAN, Ind. & Eng. Chem., 
Anal. Ed. 10 (1938) pp. 548-9. 


Tests on distillation columns packed with ordi- 
nary lump silicon carbide indicate that this 
cheap, chemically inert material may properly 
be classed with the most efficient column pack- 
ings now in use. No special care is required in 
handling, and a fouled packing can be cleaned 
with boiling acid cleaning solutions if necessary. 
Since distillations of such varied materials as 
organic bases, corrosive sulfur compounds, or 
unstable halides, can be made, silicon carbide- 
packed columns are recommended for general 
laboratory use. Tables of data are given show- 
ing the comparison between this packing and 
others such as glass helices, carding teeth, and 
jack chain. 


Improved Method of Heat Input 
Control in Glass Fractionating Col- 
umns, G. H. Morey, /nd. & Eng. Chem., 
Anal. Ed. 10 (1938) pp. 531-2 


An external electrical heater for a 12 liter 
flask serving as a heater and vapor generator 
for a fractionating column is described. Nichrome 
wire was sewed spirally around an_ asbestos 


“cloth covering. Three circuits of 500 watts were 


provided, each controlled by a Variac. A cradle 
of wire netting suspended by means of springs 
held the flask against the ground joints of the 
column. Details of the construction are given. 


A Continuous Extractor Using Hot 
Solvent, T. R. P. Grss, Jr., Ind. & Eng. 
Chem., Anal. Ed. 10 (1938) p. 547. 

A continuous extractor is described that is 
suitable for handling fairly large quantities of 
material, at the same time using a_ boiling 
solvent. Channeling and filter clogging ie 
avoided, so thatthe apparatus can be used 
the extraction of adhesive materials, Poel 
solid tars, or gelatinous substances. The flow 
of the solvent is rapid, varying from 20 to 50 
cc. per minute. The apparatus is continuous 
and entirely automatic in action and is in 
expensive. 
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Bronze Valves 
OHIO INJECTOR COMPANY 


Ohio Injector Company, Wadsworth, 
Ohio, has added to its line of globe 
and angle inserted bonnet valves with 
a new line of Union Bonnet Valves. 
The valve illustrated is Figure 558 
union bonnet bronze valve for 200 
pounds S.W.P. equipped with a 30 de- 
gree plug seat and disc of Ohista metal, 
and the seats and discs are 500 to 550 
Brinnell hardness. 








Ohio Injector Figure 558. 


The Ohista metal is claimed to re- 
tain its hardness at high temperature 
and resists wear, erosion, corrosion and 
galling. Foreign substances in the line 
such as boiler scale and metal cuttings 
are said to be crushed without marring 
the seat or disc. Other types include 
valves for various working pressures 
and with sears and discs of 300 to 350 
Brinnell hardness made of Ohiko metal. 
An economy factor is that all parts 
of the valves are interchangeable, thus 
reducing the stock of repair parts. 


Indicating Controller 
Cc, J. TAGLIABUE MANUFACTURING 
COMPANY 
C. J. Tagliabue Manufacturing Com- 
pany, Brooklyn, N. Y., announces de- 
velopment of a new direct-set indicat- 





Tag Controller, 
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ing controller, Model No. 9-TIC for 
temperature and Model No. 9-PIC for 
pressure. 


The manufacturer states that these 
instruments are designed for rugged- 
ness and operating convenience and are 
presented in a strong weather-proof 
aluminum case beautifully finished with 
black enamel and chromium. The dis- 
tinctive modern style of these new in- 
struments is in pleasing agreement 
with advanced mechanical construc- 
tion which give strength and _ character 
to any equipment set-up. Basically, all 
the latest TAG developments include 
the interchangeable calibrated tube 
system, safety link for range protec- 
tion, pointer arm brackets with bear- 
ings at each end, and all important 
parts of stainless steel. 

These direct-set indicating controll- 
ers can be supplied in two types: “on- 
off” or “throttling.” “On-off” controll- 
er will open the diaphragm valve if the 
temperature is slightly below the set- 
ting point, and will close the valve if 
the temperature rises slightly above. 
The throttling type is identical to the 
“on-off” design except for the flapper 
mechanism. This instrument utilizes an 
adjustable flapper which provides a 
convenient and exacting sensitivity ad- 
justment from hair line to 100 percent 
throttling range. 

The “on-off’ controller and the throt- 
tling controller have the direct-set fea- 
ture. Both the white control pointef 
and the red setting pointer indicate on 
the 51%4-inch graduated scale, thus offer- 
ing an ideally clear, direct reading for 
checking control perfomance. 


Lead Soaps 
NUODEX PRODUCTS CO., INC. 


Nuodex Products Company, Inc., 
Elizabeth, New Jersey, specializing in 
the production of naphthenates for lu- 
bricants, has perfected a lead soap for 
lubricating oil manufacturers. The com- 
pany concentrates solely on the produc- 
tion of Naphthenates for greases, paints, 
linoleum printing inks, rubber and tex- 
tiles. The company recently started pro- 
ducing Nuodex lead bases for extreme 
pressure lubricants and for use in hy- 
poid gears. The lead bases offered are 
said to stay soluble in the grease and 
do not precipitate. They are free from 
water and no emulsification occurs. The 
metal content is at all times uniform. 
The bases are manufactured from spe- 
cially refined naphthenic acid and con- 
tains no oxidizable materials, being free 
from oleic, stearic and other mineral, 
vegetable or fish oil fatty acids. They 
are available in different viscosities 
and concentrations to meet specific re- 
quirements, being made in 10 different 
types, ranging from a liquid to a hard 
solid. The liquids are solutions of the 
solid lead naphthenates dissolved in 
neutral paraffin oil. Color ranges from 
pale straw to dark amber, depending 
upon type. The lead bases are produced 
both at Elizabeth and Leaside, Ontario, 
Canada. Shipments are- made in stand- 
ard drums and by bulk in tank éars. 





New Equipment for the Modern Plant | 


Turbines 
ELLIOTT COMPANY 


Elliott Company, Jeannette, Pa., an- 
nounces Type CY Turbines for me- 
chanical drive which is a single-stage 
turbine that extends upward the size 
range of the Elliott types AY and BY 
turbines introduced some years ago, and 
which are employed for driving all 
types of pumps, fans, blowers, small 
generators and the like, in power, indus- 
trial and refinery fields. Among the 
features of these turbines are: center- 
line support, horizontally split casing, 





Elliott Turbine. 


steam and exhaust connections in the 
lower. half casing, sensitive and study 
centrifugal normal-speed governor, 
double-seated corrosion resistant gov- 
ernor valve, rugged governor _link- 
age, separate emergency overspeed 
governor, large area built-in steam 
strainer with “blow-down connection, 
stiff shaft rotor balanced both statical- 
ly and dynamically, carbon packing 
rings which are removable without lift- 
ing the upper half casing, handwheels 
for part-load .economy, overload or 
emergency conditions, when desires, 
extra large bearings equipped with wa- 
ter cooling features. These turbines 
are built for operation with steam 
pressures up to 600 pounds gauge and 
temperatures up to 750°F. 


Are Welder 


GENERAL ELECTRIC COMPANY 


A new 150-ampere alternating-cur- 
rent arc welder of the transformer type 
has been developed by General Elec- 
tric Company, Schenectady, New York, 
for low-current welding with heavily- 
coated alternating current arc-welding 
electrodes. While it is chiefly intended 
for use on light-gage metals, its wide 
welding range—35 to 180 amperes—per- 
mits its use on_fairly heavy materials 
as well. 

With this type of equipment, power 
costs are reduced approximately 50 per- 
cent as compared to welders of the ro- 
tating type. In addition, it avoids trou- 
blesome arc blow, sometimes experi- 
enced with direct current welders, thus 
reducing the number of rejects to a 
considerable extent and avoiding the 
necessity of reworking welds. 

The new equipment is built with 
woven, spun-glass, fireproof.-insulation 


89 








which prevents damage from heat on 
heavy overloads. Solidly brazed internal 
connections eliminate the possibility of 
open circuits. Continuous, stepless cur- 
rent control is obtainable by means of 
a hand-crank. This arrangement gives 
accurate adjustment of the welding cur- 
rent to suit fine work. Adjustment can 
be obtained at any time without inter- 
rupting the arc or opening any elec- 
trical connections. 

A choice of two open-circuit voltages 
(80 and 100 volts) is provided to handle 
all types of a-c electrodes. The welding 
lead can be quickly and easily con- 
nected to either tap by means of a 
taper-bored connector. A circular cover 
plate over the terminals. prevents 
chance contact with the terminal (or 
terminals) not being used. Easy port- 
ability is provided by casters or by 
means of a hoist sling over the hand- 
crank, 

The equipment meets the rigid re- 
quirements: of the latest standards of 
Underwriters’ Laboratories, Inc., and is 
listed under their Re-examination Serv- 
ice. 


Device for Plug Valve 


Lubrication 


MacCLATCHIE MANUFACTURING 
COMPANY 


MacClatchie Manufacturing Com- 
pany, Compton, California, has recently 
placed on the* market a new device 
which eliminates gas or fluid leakage 
during plug valve lubrication. This ex- 
clusive feature known as “Lubricheck,” 
is standard equipment on all new 
“Hydro-Seal” plug valves, and accord- 
ing to the manufacturer is the only 


mechanical means of plug valve lubri- 
cation on the market. It is especially 
designed to give longer wearing life to 
the valve through positive lubricating 
action and simple operation, and to 


eliminate the danger of regreasing plug 
valves under pressure. 


MacClatchie ‘“Lubricheck” Plug 


Valve Lubrication. 


for 


“Lubricheek” consists essentially of a 
tapered seal which seats against the 
opening of the lubricating chamber and 





closes off all gas or fluid while the 
lubricating screw is removed. The ta- 
pered seal is equipped with left-hand 
threads on its outer surface, and less 
than a quarter turn tightens the seal 
against the seat. As the right-hand 
lube screw, located inside the seal, is 
removed, the friction obtained serves 
to further tighten the seal against the 
seat, thus making possible a fluid-tight 
seal even under extremely high operat- 
ing pressures. To lubricate, a grease 
stick is inserted, the lube screw re- 
placed and tightened. Turning to the 
right automatically loosens the seal of 
the “Lubricheck” and opens the grease 
channels. Grease is then forced into the 
channels and lubricates the entire body 
and plug of the valve. 

Simple construction of “Lubricheck” 
eliminates quick wearing parts which 
often do not thoroughly seal off the 
grease chamber and therefore allow 
line pressure to force the grease out 
of the valve when lubricating. No sand 
or mud can interfere with proper op- 
eration of the “Lubricheck,” and quick 
easy adjustment, or complete removal, 
of the lube screw can be accomplished 
with no gas or fluid leakage. 


Rustprime 
THE SKYBRYTE COMPANY 
The Skybryte Company, Cleveland, 


Ohio, has announced a new prime and 
spot coat for rusty metal, called Rust- 
prime. Not intended for use as a finish 
coat except for inside metal where no 
color is required, Rustprime may be 
coated over with any type of mainte- 
nance finish. 

The action of this material is (1) 
thorough penetration and saturation of 











.” MAXIM SILENCER 
FOR GAS ENGINE SERVICE 
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MAXIM SILENCERS 


’ 


HARTFORD, CONN. 


REDUCE EXHAUST NOISE TO A WHISPER 





Maxim Model BRX silencers were designed especially for 
gas engines. Of extra heavy construction to withstand 
exhaust line explosions, Model BRX silencers are popular 


because they can “take it.” 


Heavy duty MAXIM SILENCERS are built in three models: 
BRX4 for high degreé silencing; BRX2 for medium degree 
silencing; and BRX1 for good muffling. 


Write today for literature. 


THE MAXIM SILENCER COMPANY 


DALLAS, TEXAS 
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‘Where centralized information as to temperatures at 
numerous and scattered points is necessary or desir- 
able, this indicator is ideal. The attractive, orderly 
simplicity of appearance is a reflection of the sound 
engineering, the convenience and accuracy of oper- 
tion which characterize this new Foxboro instrument. 

Seventeen inches of clear, open, easy-to-read scale 
operated by a vernier dial knob simplifies ease and 
accuracy of reading. Accuracy of the indicator is guar- 
anteed to within % of 1% of its full scale value. 
Switches and rheostat are totally enclosed and dust- 








tight. No push button or plug and socket connections 
are used. Accurate cold junction compensation is 
assured. All connections are available from the front 
of the panel, greatly simplifying installation. 

There are dozens of advantages, each of practical 
value in guaranteeing accurate ... dependable... and 
convenient operation. Write for complete information. 


THE FOXBORO COMPANY 
74 Neponset Ave., Foxboro, Mass., U.S.A. 
Branch Offices in 25 Principal Cities 





REG, U. S. PAT. OFF. 


KEY-SWITCH CABINET INDICATING PYROMETER 
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the rust, (2) dehydration of the rust, 
and (3) a permanently plastic bond that 
protects the finished coat from the ex- 
pansion and contraction of the metal. 

The nature of Rustprime gives it an 
average coverage of 650 square feet 
per gallon. It .may be brushed or 
sprayed as desired. One coat is suffi- 
cient except on very deep and porous 
rust. 

Tests have been made mixing one- 
third Rustprime with conventional lin- 
seed oil paints for one-coat color jobs. 
The rust resistance of the paint is def- 
initely improved, and satisfactory dry- 
ing has been obtained. 


Universal Bevel Gear 


CONDENSER SERVICE & 
ENGINEERING CO., INC. 


Condenser Service & Engineering 
Company, Inc., Hoboken, New Jersey, 
has recently developed Universal bev- 
el gear. This gear is so designed as to 
operate freely and easily through an 
angle of 135 degrees, which makes it 
very desirable to be used in conjunc- 
tion with valves difficult to reach, or 
for any other remote-control problem. 
It affords great flexibility where uni- 
versal joints are required, and will not 
freeze or corrode under outside weather 
conditions. 

The standard materials are cast steel 
guards and housings with solid steel 
gears. It can also be made up of any 
kind of metal to suit customers re- 
quirements. The gears operate and 
mesh accurately with no adjustment, 
in any position between 45 degrees and 
180 degrees, it is said. 





Atomic-Hydrogen 
Welding 
GENERAI. ELECTRIC COMPANY 


The General Electric Company, 
Schenectady, N. Y., annourices a new 
atomic-hydrogen arc-welding equip- 
ment, especially suitable for the weld- 
ing of special alloys and thin sections 
difficult or impossible to weld by other 
methods. The equipment is particularly 
useful where a fusion weld is required; 
it produces a uniformly strong weld, 
free from porosity, and with an excep- 
tionally smooth appearance. Some com- 
mon specific applications are: the build- 
ing up of broken or worn sections of 
molds, tools and dies; the addition of a 
different metal for hard surfacing and 
other special requirements; and the 
welding of light-gauge stainless steel. 


In atomic-hydrogen arc welding, an 
alternating-current arc is maintained 
between two adjustable tungsten elec- 
trodes, and at the same time hydrogen 
gas is fed to the arc and around the 
electrodes. The hydrogen molecules 
which are subjected to the intense heat 
of the arc are broken up into atoms. 
The majority of these atoms, recombin- 
ing outside the arc zone, in contact with 
the work, liberate heat far in excess of 
that obtainable from a gas flame or 
from an electric arc alone. 


The remaining atomic hydrogen pro- 
vides an extremely active reducing at- 
mosphere which effectively prevents 
oxidation and other contamination of 
the weld metal, reduces surface oxida- 
tion on the parent metal, and protects 
and cools the tungsten’ electrodes, 


thereby minimizing electrode consump- 
tion. 
Since the work does not enter into 


the electric circuit, it need not be 
grounded. 

A suitable filler rod can be fed into 
the weld when needed. 

The new G-E equipment combines 
into a compact, portable unit, all the 
electric devices used with the process. 
Convenient terminals and pipe fittings 
allow ready connection to the electrode 
holder, to the power supply, and to the 
hydrogen source. 

A convenient, easily operated hand- 
wheel on the top of the set controls a 
continuously variable reactor which 
gives stepless current adjustment to 
any one of an infinite number of set- 
tings, thus permitting the use of the 
exactly correct current for every job. 
An ammeter clearly indicates the 
amount of current that is being used. 

The drip-proof enclosure protects the 
equipment and the operator. Ventilation 
is provided by louvers at the ends. 
Lifting eyes facilitate transportation by 
crane. Roller-bearing wheels can be 
added to make the unit even more 
easily portable. 

For hand welding, the familiar rod- 
type electrode holder with suitable 
power and hydrogen connections is fur- 
nished together with a supply of 
tungsten electrodes of the correct size. 

For automatic welding, equipment 
with either a single- or multiple-arc 
head can be supplied, together with the 
necessary control, means for holding 
the work, and traveling mechanism. 
The same power-control unit as that 








BUILT IN ANY SIZE - ERECTED 
ANYWHERE 
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COMPARE THE HEAT GRADIENTS 


Liner stresses in lined pressure vessels are 
reducible only by increasing the rate of heat 
transfer. This is best done by using plates of 
which the lining material is an integral part. 
Kelcaloy pressure vessels possess this most 
desirable quality. 

A comparison of the heat gradients of a 
separate alloy sheet lined vessel, a Kelcaloy 
Vessel and a plain carbon steel vessel — 


obtained under exhaustive tests — proved 


conclusively that the maximum difference in 





temperature obtained between the inner and 
outer skin of the separately lined vessel was 
250° F. while the maximum difference in both 
the Kelcaloy and the plain carbon steel vessel 
was exactly the same 25° F. 

Complete laboratory data on this and other 
tests—which prove conclusively the superiority 
of corrosion resistant vessels built of Kelcaloy 
plates—are contained in a new booklet which 


will be mailed on request. 





















IMPROVE 
DIESEL 
PERFORMANCE 


with safe, 


thorough 
OAKITE 


CLEANING 





Rust and scale in cooling jackets can 
cause you plenty of trouble. Your 
lubrication oil consumption goes up, 
cooling is uneven, pistons are apt to 
stick, cylinder linings are likely to be- 
come scored. 

There is no reason to take chances 
on serious damage, or to even put up 
with lessened power output. For now, 
you can remove such cooling jacket 
deposits, easily, quickly, and econom- 
ically with a solution of Oakite Com- 
pound No. 32. Circulated through the 
cooling system, this solution dissolves 
rust and scale so they can be com- 
pletely flushed away. 


CLEANING DIESEL CRANK CASES, 
TOO, NOW EASY THE OAKITE WAY 


Now instead of laboriously wiping 
and scrubbing the inside of dirty crank 
cases, use energetic, powerful Oakite 
cleaning materials that swiftly soften 
and flush away sludge accumulations. 
Safe . . . economical. 

Get full information on both these 
economical Oakite methods. Just 


write us. 


Manufactured only by 
OAKITE PRODUCTS, INC. 
50B Thames St., New York, N. Y. 


ert, ified cleanin 


MATERIALS & METHODS FOR EVERY CLEANING REQUIREMENT 
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employed for hand welding is applic- 
able to automatic installations. All that 
is necessary is to supply additional 
control for the automatic head. A wire- 
feeding device is furnished where 
needed. 


Solenoid Valves 
McDONNELL & MILLER 


McDonnell & Miller, Wrigley Build- 
ing, Chicago, announce an improved 
type of design in solenoid valves which 
is of the electrically operated type. 

According to the manufacturer, this 
design was developed to insure tight 
closure against water or fluid pressure 
up to 150 pounds, and to assure posi- 
tive operation for those services where 
the highest degree of dependability is 
essential. In accomplishing this, the 
weight of the solenoid armature is not 
depended upon to hold the valve closed. 
Instead, it is tightly seated by a spring- 
loaded leverage system. A long lever 
connected to the armature of the sole- 
noid, gives the solenoid sufficient me- 
chanical advantage for positive opening 
of the valve. 

The valve and seat are stainless steel 
of file hardness and all packing is elim- 
inated by the use of a Sylphon bel- 
lows. An unusual feature of the valve 
is the slot-and-roller construction which 
removes ‘all angular stress from the 
valve stem and assures straight thrust 
of the cone when seating. The valve is 
protected by a large built-in strainer. 

The valve will handle any fluid (not 
corrosive to its working parts) at any 
inlet pressure up to 150 pounds. Dis- 
charge capacity ranges from 1100 to 
3200 pounds (of water) per hour de- 
pending, of course, on differential be- 
tween inlet and discharge pressures. 
Standard electrical rating is 115-V, 60 
cycle, but coils for other voltages and 
frequencies are available. This service 
range suggests a wide range of appli- 
cations. 


Eyeshield 
JACKSON ELECTRODE HOLDER 
COMPANY 


Jackson Electrode Holder Company, 
Detroit, Michigan, has recently intro- 
duced to the market a new type eye- 
shield, consisting of a flexible, trans- 
parent, non-inflammable visor, recom- 
mended for welders, etc., by safety en- 
gineers. 

This new eyeshield is obtainable in 
clear, smoked, light green, dark green 
or amber shades, adjustably hinged to 
a light headgear. No part of it rests on 
the nose or ears, making it very com- 
fortable to wear. It does not interfere 
with eye glasses, and ample ventilation 
eliminates fogging. Protection is af- 
forded from front and both sides by 
the transparent visor, which is eco- 
nomically replaced if ever damaged. 


Deck Float Controls 
BLACK, SIVALLS & BRYSON, INC. 


Black, Sivalls & Bryson, Tulsa, has 
recently placed on the market a new 
tank deck float control which controls 
the water level on wood tanks, elimi- 
nating the necessity of this job being 
executed or neglected by workmen. 

The new device automatically re- 
leases sufficient water to offset evapora- 





Black, Sivalls & Bryson 
Tank Deck Float 


tion or other loss, and maintain the 
water level at any desired depth. It 
works on the same principle as the float 
valve in the tank on the lavatory. 

The tank deck float is easily installed 
and requires little or no attention. The 
manufacturer states that, while work- 
men may neglect to check tank top 
water conditions or be too busy to at- 
tend to the job, the tank deck float per- 
forms this function automatically. 


Plastic Material 
AMERICAN CONCRETE & STEEL 

PIPE COMPANY 

American Concrete and Steel Pipe 
Company, Box 1428, Arcade Station, 
Los Angeles, California, recently an- 
nounced a new sprayable corrosion- 
resistant plastic material, known as 
Amercoat. 

This material is the result of ex- 
tensive research, experiment and de- 
velopment, and more than two years 
of laboratory and field testing have 
proved its efficiency. While Amer- 
coat is not designed to resist abra- 
sion as well as corrosion, it is a 
synthetic plastic which has the neces- 
sary strength and resiliency to give it 
considerable resistance to the abrasive 
action of solids or liquids that may 
come in contact with it. It has a ten- 
sile strength of well over 200 pounds 
per square inch and smooth semi- 
glazed surface. According to the manu- 
facturer, its abrasion resistant proper- 
ties are quite comparable to those of 
rubber, Bakelite and similar substances 


Wrench 
J. H. WILLIAMS & CO. 


J. H. Williams & Co., 75 Spring 
Street, New York, announces a unique 
and simple tool for measuring right- 
hand turning torque. Known as Wil- 
liams’ Torque “Measurrench” B-21, this 
new tool is equipped with various sizes 











Williams “‘Measurrench’’ 


of detachable socket bits, for servicing 
hollow-screws having %- to 5/16-inch 
hex drive-opening. Its purpose is to 
enable the operator to avoid injury to 
hollow-screws and to socket bits by 
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HEAT EXCHANGER SERVICES 
Jacket Water Coolers 
Steam Condensers Heaters 
Final Vapor Condensers 
Reboilers Fuel Oil Heaters 
Partial Vapor Condensers 
Oil Exchangers’ Air Coolers 
Lubricating Oil Coolers 
Gas Coolers Re-Heaters 
Turbine Oil Coolers 
Acid Coolers 
Feed Water Heaters 
Compressor After Coolers 








Branch Offices: 
NEW YORK 
PHILADELPHIA 
CLEVELAND 
CHICAGO 
DALLAS 
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Here is the only floating head closure construction 
(Patent 1,895,735) permitting removal and replacement of a 
floating head cover without removing the bolts or taking off 
the nuts. Merely loosen the nuts, turn the ell bolts 90 degrees 
9 the head is free. Reverse this procedure and the head is 

ome. 


Full bearing of the bolt heads'and exact radial align- 
ment is obtained automatically with the “locknotch” milled 
in each bolt hole. Every bolt develops its maximum strength 
in full shear because the heel of the bolt is fully supported 
by the floating cover and cannot kick back. 


Vogt Ell Bolts are drop forged from heat resisting alloy 
steels, heat treated and tested to give maximum service. 
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“VULCAN 
SUPERIOR’ TONGS 
handle 
BOTH pipe 
and fittings 


Here is the unbeatable 
tongs for Refinery 
use. 


“Vulcan Superior” is 
a universal service 
tongs for both pipe 
and fittings — TWO 
tools: in one. You can 
switch from one to 
the other instantly— 
no parts to change, no 
adjustments to make. 


Seven sizes, with eith- 

er flat link or cable 

chain, handle pipe and 
fittings from \% to 12 
inches. Fully guaran- 
teed. Ask your sup- 
plier to show you this 
extra value tongs to- 
day. Literature on re- 
quest. 


Buy from your Distributor 


J. H. WILLIAMS & CO. 


276 SPRING ST. NEW YORK 


Headquarters for: Drop -Forged 
Wrenches (Carbon and Alloy), Detach- 
able Socket Wrenches, Reversible 
Ratchet Wrenches, “‘C’’ Clamps, Lathe 
Dogs, Tool Holders, Eye Bolts, Hoist 
Hooks, Thumb Nuts and Screws, Chain 
Pipe Tongs and Vises, etc., etc. 


\WILLIAM 


VULCAN 
SUPERIOR 


PIPE ano FITTINGS TONGS 
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over-tightening. The “Measurrench” is 
calibrated with numbers corresponding 
to numbers of the various. size bits 
which it accommodates. When the 
“index line” on the bar touches the line 
indicating the piece number of the Wil- 
liams’ bit in use, the proper load has 
been applied to the hollow-screw. 

Since the head may be moved along 
the bar, this tool may be instantly 
transformed into a conventional sliding 
T handle and used without the measur- 
ing feature. 


Blower 


MINE SAFETY APPLIANCES 
COMPANY 


Mine Safety Appliances Company, 
Pittsburgh, announces a complete line 
of hose masks with the new M.S.A. 
displacement blower. This new blower, 
which is officially approved by the U. 
S. Bureau of Mines, supplies maximum 
air delivery with least effort, and is 
equipped throughout with the latest 
type of self-lubricated, permanently 
sealed ball bearings, eliminating the 
necessity of grease or oil-packed gear 
chamber. 

The definite displacement principle is 
employed, assuring controlled, even air 
supply at all times. A specially-designed 
calibrated pressure-release valve gives 
an audible signal when excess air over 
actual requirements is being delivered. 
This valve can be set for operation 
depending on the particular length of 
hose being used, so that minimum revo- 
lutions per minute will be required to 
deliver necesSary amount of air. The 
assembly also has a fresh air by-pass 
valve that will automatically function 
in case of blower stoppage, allowing 
wearer to breath easily through the 
hose. 

Comfortable cranking in the _ hori- 
zontal plane is provided by vertical in- 
stallation of the unit; horizontal mount- 
ing can be furnished when desired. 


Process Pumps 
INGERSOLL-RAND COMPANY 


Ingersoll-Rand Company, 11 Broad- 
way, New York, has announced a new 
series of centrifugal refinery process 
pumps known as class FH and FL. 
Built in capacities to 800 GPM and 
heads to 400 feet, these pumps are de- 
signed for such refinery processes as 
these in which hot oils, distillates, 
bottoms, cold oils, propane, butane, 
solvents, etc., are handled. They will 
handle fluids at any temperature and 
are constructed for continuous opera- 
tion on severe service, the manufac- 
turer states. 

The pump is supported by an extra 
heavy one-piece cradle which combines 
the connecting piece, the bearing hous- 
ing, and a water-jacketed oil reservoir. 

Its design is such that suction and 
discharge connections are integral with 
the casing. They open vertically and 
are therefore self-venting. Positive lu- 
brication of the bearings is effected by 
rotary discs, the oil being contained in 
a large water-jacketed reservoir and 
circulating to secure thorough cooling. 
The stuffing box is likewise water 
cooled, reducing heat transfer to the 
pump shaft and bearings. It is extra 
deep to receive a sealing cage if con- 
ditions warrant. Wearing rings on the 
impeller. permit the removal of worn 
parts with standard parts from stock. 
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Remote Manual Control 


MASON-NEILAN REGULATOR 
COMPANY 


Mason-Neilan Regulator Company, 
Boston, Massachusetts, announces an 
integral manual ccntrol unit which pro- 
vides for remote control without leav- 
ing the front of the instrument. One 
advantage claimed for this unit is that 
it enables the operator to shift from 
manual to instrument control, or vice 
versa, without disturbing the control 
valve diaphragm pressure, even mo- 
mentarily, because the operator is able 
to synchronize the manual unit output 
and the pilot system output before 
shifting the mode of control. The shift 
is made by turning only one knob, and 
there is no loss on control during the 
transition, it is said. 

It is often desirable to start on man- 
ual control and to shift to instrument 
control when full load is reached. With 
this unit it is simply and safely done 
without loss of control or upsetting of 
other factors in the process, the man- 
ufacturer states. During operation the 
operator may at any time take over 
the control and again there is no dis- 
turbance during the transition. 


Bolt Machine 


THE OSTER MANUFACTURING 
COMPANY 


The Oster Manufacturing Company, 
Cleveland, Ohio, has announced a new 
bolt machine, “Rapiduction Junior,” as 
an addition to its line of threading 
equipment. 

Made in two sizes, No. 541 has a ca- 
pacity covering ail sizes up to 1%-inch 
and No. 542 up to 1%-inch. 

When stripped of die-head and vise 
carriage, the machines can be adapted 
to chamfering, drilling, reaming, bor- 
ing, tapping and other jobs. 

The machines are powered by con- 
stant speed motors of 2 horsepower, 
1800 r.p.m. and speed changes obtained 
with pick-off sheaves. The drive from 
motor to machine is through V-belts. 
Eight spindle speeds are obtainable, 
from 27 to 386 r.p.m. The final drive is 
by triple thread worm, hardened and 
ground steel, and running in anti-fric- 
tion bearings. This drives a bronze 
worm gear mounted on the spindle 
which also runs in anti-friction bear- 
ings. 

The vise is of the open type, oper- 
ated by a hand wheel conveniently 
located at the operator’s left hand. The 
vise jaws are of hardened steel; one 
serrated and one smooth for quick 
centering of the work. The jaws are 
adjustable both vertically and _ hori- 
zontally to maintain alignment with 
die-head. 

The vise carriage is substantially 


‘constructed and mounted on two 1%- 


inch steel studs positioned parallel to 
the bed of the machine, and has a 
travel of 10 inches. 

The die-head is of the rotary type, 
automatic, quick-opening, and is fully 
adjustable for over- or under-size 
threads. An adjustable, external trip- 
ping device.can be set to open the 
head when the thread has reached any 
desired length: An emergency tripping 
device can be manually operated to 
open the head at any time it is neces- 
sary. After the thread has been cut 
and the head opened, it is automatically 
re-set to size by returning the vise car- 

















JERGUSON 


REFLEX GAGES 


STANDARD FOR OVER 30 YEARS 





Employes like them because they are 


quickly and unmistakably read. 


They are safe and dependable at high 


pressures and temperatures. 


Ideal for gasoline, kerosene, oil, steam, 





no matter what the color of liquid— 








because... 
Empty space appears 
WHITE 
Liquid level shows 


BLACK 


Jerguson Transparent (thru vision) 
Gages, for showing color and density 
of liquids, are just as accurate and as 


easy to read. 


Furnished with or without valves for 


every type of service. 


Jerguson Gages are best 





by every real test 


Send for Catalog 


JERGUSON GAGE & VALVE CO. 


87 FELLSWAY 


SOMERVILLE, MASSACHUSETTS 
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speedier 
pipe threading... 





@ : 
Rugged new RIGID No. 65-R All- 
Steel-Malleable-Alloy Die Stock, with 
drop-forged hardened tool-steel 


cam plate, Threads 4 sizes of 
pipe with 1 set of chaser dies. 


Your choice of 2 new mistake-proof 
workholders. 


New strength and durability throughout. Quick auto- 
matic setting’ to size saves time and loss of chasers. 
Two speedy workholders, both practically automatic— 
no bushings. A modern super-efficient tool you'll take 
workmanlike pride in. Buy it—for quicker easier bet- 
ter threading at lower cost. Ask your Supply House. 










New RIBEID 
No. 65=RP with 


plate type 
workholder. 


THE RIDGE TOOL CO., ELYRIA, O. 





No more pipe wrench housing repairs 
RIGEID housing guaran- 


teed not to break or warp 
—or we replace it Free. 


Fel Ee 1D Pre TOOLs . 
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Improved 


MERIAM 


Well Type 
Manometer 













Completely 
Re-designed 
to bring you 
these three 
important 
advantages 


Plain cover for sur- 
face or wall mounting 
shown. Flush _ front 
cover for panel 

mounting available. 


Hig os ad i oN HE 


* GLAND PACKING (new feature) 
insures years of trouble-free, leak-proof 
service and permits tube replacement 
in the field. 

* ZERO SCALE ADJUSTMENT al- 
lows scale to be quickly and accurately 
adjusted to zero by handy outside 
knurl screw at bottom of instrument. 
* IMPROVED FLUSH FRONT 
COVER greatly facilitates mounting 
on panel. Gauge is dustproof as glass 
is firmly held in cover. 

Meriam Well Type Manometers 
are extensively employed in the re- 
finery industry as direct reading in- 
struments for the measurement of 
pressures, vacuums, and differential 
pressures in all ranges. This model is 
available in 6”, 12”, 20” and 24” sizes 


and can be used on operating pres- 
sures up to 100 lbs. Write for com- 
plete information and prices. 


The MERIAM Co. 





Representatives and Jobbers in Principal Cities 
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riage to its original position. The die- 
head is so constructed that the die- 
holder is a separate unit which can be 
replaced when worn, without replacing 
the entire head. 

The threading chasers are high-speed 
steel and are of the radius’ hobbed, 
segmental type, making it possible to 
replace any one chaser without renew- 
ing the entire set of four. 

The bed and base of the machine are 
made of fabricated steel of sufficient 
thickness to give rigidity to the ma- 
chine. A 4-gallon reservoir for cutting 
oil is in the base. Cutting oil is deliv- 
ered to the chasers by a pump which 
is operated by V-belt from the motor, 
flow of oil being regulated by a relief 
valve. 


Air Valve for Tube Cleaners 


| THE ROTO COMPANY 


The Roto Company, 144 Sussex Ave- 
nue, Newark, New Jersey, announces a 
newly developed simple and inexpen- 
sive air valve which saves considerable 
time and labor by making it possible 
for one man to operate a tube cleaner 
alone. The new valve may be attached 
to any make of tube cleaner for straight 
or curved tubes 2 inches in diameter or 
larger. It is placed immediately behind 
the motor so that the operator himself 
can turn on and shut off the air. 

The valve is simple, having only a 
single moving part. It passes through 
the tube easily because its diameter is 
smaller than the cleaner, but the diam- 
eter of its air passage is equal to that 
of the hose. A quarter turn of the 
handle either way instantly shuts off 
the air. The valve cannot close while 
the cleaner is inside the tube. 

Before the introduction of this new 
air valve an assistant had to control the 
air at a point remote from the tube 
cleaner. 


Compressor Unit 


| THE. COOPER-BESSEMER 


CORPORATION 
The Cooper-Bessemer Corporation, 
Mount Vernon, Ohio, has_ recently 


placed on the ‘market the new type 
G-MV compressor unit, a two-cycle, 
gas engine driven compressor combin- 
ing V-type power cylinders set verti- 
cally, and compressor cylinders ar- 
ranged horizontally. This addition to 
the company’s line of engines and com- 
pressors is rated 100 horsepower per 
cylinder at a conservative speed of 300 
r.p.m. 

Extreme compactness serves to make 
the G-MV compressor readily trans- 
portable, reduces the amount of floor 
space and material necessary for its 
housing, lowers foundation material ex- 


pense, and makes for welcome ease of - 


installation. Shipped completely assem- 
bled, except for attaching the compres- 
sor cylinders, its factory alignments 
need not be disturbed and the unit is 
quickly and easily made ready for op- 
eration. 

Designed primarily for compressor 
operations which include compressing 
air and gas, pumping wells by air and 
gas lift, delivering oil and gas to main 
lines and transporting them through 
long pipe lines, repressuring oil sands, 
and similar operations, these G- MV 
units also have numerous industrial ap- 
plications. 





Pumps 


WORTHINGTON PUMP AND 
MACHINERY CORPORATION 


Worthington Pump and Machinery 
Corporation, Harrison, N. J., announces 
development of an improved two-stage 
centrifugal hot-well and condensate 
pump. Featuring oversized _ suction 
openings, pick-up type impellers, and 
generous vents, the new line of pumps 
is offered for efficient removal of con- 
densate under high vacuum, with min- 
imum available submergence. The cas- 
ing of the pump is of cast iron, hori- 
zontally split for ready access and re- 
moval of the rotor. Suction and dis- 
charge nozzles are located in the lower 
half of the casing, while an inter-stage 
passage is cast integral with the upper 
half of the casing. A liberal vent is pro- 
vided to permit escape of entrained va- 
por. Bronze impellers, of the single- 
suction enclosed type, designed especial- 
ly for hot-well and condensate service, 
are mounted on the shaft with the suc- 
tion openings facing forward. The back, 
or discharge, sides of the impellers are 
thus adjacent to the stuffing boxes so 
that the latter are under first and sec- 
ond-stage discharge pressures respec- 
tively, effectively preventing leakage of 
air into the pump. 





Well established firm of sales engineers 
now calling on refineries in Chicago area 
desire to acquire additional high grade 
line. Exceptionally qualified engineers well 
versed in heat exchange equipment, auto- 
matic controls, refinery practice. Box 2208, 
The Refiner, Houston, Texas. 











LEACH 


FRACTO 


CONDENSERS 


for High Pressure 
and Temperature. 


Also Heat Exchangers for Vac- 
uum and — Service. 


(Fan \ Patented in the United 
Céntr0! }) States and Foreign 


Countries 


OPE » an ©) OV. 0, Mt OL 0 eum fm 


117 Liberty Street, New York, N. Y. 
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E Barn Pump Division of Byron Jack- 
son announces appointment of Wen- 
del Carlson as resident representative 
for the company in Kansas City. Carl- 
son, who has had several years experi- 
ence at the Byron Jackson factories will 





WENDEL CARLSON 


work with the petroleum and general 
industrial fields. While for convenience 
of the trade his residence has been 
established in Kansas City, his. business 
address is Byron Jackson Company, 
Fort Worth, Texas. 


J B. O’CONNOR, vice president 
of Clark Bros. Compary, Olean, 
N. Y., has announced formation of a 
new department to be called the tech- 
nical service division. This department 
will correlate the field and shop en- 
gineering of the company, and have 
charge of all process design problems, 
making a study of the various oil pro- 
duction and refinery problems. 

The department will be in charge of 
F. W. Laverty, who has been associ- 
ated with Clark Bros. Company for 12 
years, and is considered one of the 
outstanding men in the field of thermo- 


F. W. LAVERTY 


V BUSINESS NOTES V 


T. C. WEBB 


dynamics. Laverty will have associated 
with him in his Olean office, Dr. T. J. 
Chrzan and W. D. Bathurst. 

At the company’s Tulsa office the de- 
partment will be under T. C. Webb, 
who formerly was associated with the 
Bureau of Mines, and has also had con- 
siderable experience in the design of 
natural gasoline recovery plants. 

F. J. Jobst will represent this de- 
partment in the company’s New York 
office. H. J. Turner, formerly with 
C. F. Braum Corporation, will be lo- 
cated at Dallas. 


NDIANAPOLIS Machinery & Sup- 
ply Company, Inc., Indianapolis, Indi- 
ana, has been appointed distributor of 
the complete line of mechanical rubber 
goods, New York Belting & Packing 
Company. Arrangements have been 
made to carry adequate stocks. 


ALE D. HILLS has been made 

manager of distributor sales for 
the service-sales division of The Tim- 
ken Roller Bearing Company. For sev- 
eral years he has been manager of the 
Los Angeles territory branch of the 
company. Hills’ new headquarters will 
be at the main Timken factory in Can- 
ton, Ohio. 


RANE Packing Company, Chicago, 

Illinois, announces the appointment 
of John Kirgan as New York manager. 
Kirgan was formerly associated with 
Ingersoll-Rand Company, Phillipsburg 
plant, in charge of heat transfer en- 
gineering from 1917 to 1932, and water 
vapor refrigeration from 1932 to 1938. 


ONSTRUCTION of Richfield Oil 
Corporation’s $5,000,000 new equip- 
ment at Watson, California, is rapidly 
progressing toward its final stages. 
Being the largest ever erected on the 
Pacific Coast, the six DeFlorez heaters 
serving the two modern combination 
crude topping and cracking units have 
attracted widespread attention. These 
furnaces stand 132 feet high and each 
has a diameter of 30 feet. Cost of the 
heaters and their auxiliary equipment 
is approximately $1,000,000. 
Each of the combination units has 
a double Alcorn heater in addition to 
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OIL DRUMS 
CLEANED SAFELY 
THOROUGHLY 


AND AT 


LOW COST 





Next time -you have a batch of oil 
drums to clean, do the job the Oakite 
way ... using an Oakite solution es- 
pecially suited to your type of drum- 
cleaning equipment. 


You will note, first, how quickly 
the Oakite action gets to work on the 
grease and oil accumulations . . . how 
completely it cleans the surfaces, 
swiftly removing every trace of oil, 
dirt, stains and smudges. Then ob- 
serve how freely the solution rinses 
away ... leaving no film, no deposits 
to cause contamination of the new oil. 


STRIP DRUMS 
BEFORE REPAINTING 


Before repainting, investigate fast- 
working Oakite stripping compounds. 
Note the absence of obnoxious fumes 
and odors. Note the clean, dry, film- 
free surface obtained that assures an 
even, long-lasting finish. 


Whether it is for cleaning or strip- 
ping, or both at once, Oakite materials 
are used in economical, low concen- 
tration solutions. The solutions last 
longer . . . another money-saving fea- 
ture. 





Let us tell you how to make tests 
under our “money-back” guarantee. 
Write. 


Manufactured only by 
OAKITE PRODUCTS, INC. 
50B Thames St., New York, N. Y. 


ertified cleanin 
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CALL US 


for the following 


TAYLOR FORGE 


PRODUCTS 


Flanges, Weldells, Welding Reducers, 
Welding Tees, Flanged Unions, Special 
Flanges, Orifice Flange Unions, Boiler Noz- 
zles, Welding Neck Nozzles, Spiral Welded 
and Spiral Riveted Pipe. 


PRINCIPAL ITEMS 
STOCKED IN HOUSTON 


THE 


CORBETT-WALLACE 
CORPORATION 


2418 Winter Street 
HOUSTON, TEXAS 


Distributors for 


TAYLOR FORGE & PIPE WORKS 


HOUSTON PHONE: C-5327; L. D. 363 








You can’t win wit 


UST as the opposing team 

finds the weak spots in 
the football line, corrosion 
and stress with more deadly 
certainty search out the 
weak spots in the pipe line. 

In pipe systems it is pos- 
sible to have a line that is 
100% strong from beginning 
to end. The expansion loop 
above is a good example of 
this. The 20-inch WeldELLS 
are %" thick to allow for cor- 
rosion. Welded as only these engineered 
fittings can be welded, every part of this 
line is ready to do 100% battle against 
stress and corrosion. 

Contrast this with the inescapable weak 
spots that are found in mechanically joined 


weak spots 
















View of Richfield Oil Corporation’s new unit under construction at Watson, Calif. 


the three DeFlorez heaters. This group 
is designed to liberate 300,000,000 heat 
units an hour. The heaters of one unit 
contain approximately 5 miles of tub- 
ing of which about 4 miles is 5-inch 
alloy tubing. Charge capacity of the 
heaters is approximately 140,000 bar- 
rels daily per combination unit. 

There are seven separating and frac- 
tionating towers for each combination 
unit. The largest of these is roughly 13 
feet in diameter and 60 feet high, 
weighing around 270,000 pounds. 

In addition to the two combination 
units, construction now under way in- 
cludes a U.O.P. catalytic polymeriza- 
tion unit which, when completed, will 
have a capacity of 6,000,000 cubic feet 
of gas daily. 





= 






lines. Add to the strength of the WeldELL 
line, the advantages of light weight, smooth- 
flow interiors, and sightly, easily insulated 
exteriors, and you have the reason for the 
rapidly increasing use of Taylor Forged 
WeldELLS, Tees and other welding fittings. 


The Taylor Forge line contains the largest range of sizes, thicknesses and types 
of welding fittings made. Convenient stocks in all important industrial centers. 


TAYLOR FORGE & PIPE WORKS 
General Offices and Works: P. O. Box 485, Chicago—New York Office: 50 Church Street 


TAYLOR 


vnc WeldELLS «2':=... 


*® Trade Mark Registered 
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OETZE Gasket & Packing Com- 

pany, New Brunswick, N. J., an- 
nounces opening of a branch office at 
648 Hanna Building, Cleveland, Ohio, 
where Charles A. Graham has been 
placed in charge. Also a branch office 
has been established in Houston, Tex- 
as, to serve the Gulf Coast territory, 
with headquarters located at 702 Bank- 
ers Mortgage Building and with Ross 
E. Schofield in charge. 


CCORDING to the announcement 

of the recently formed board of di- 
rectors, the firm of Parkhill-Wade, con- 
sulting and construction engineers, for- 
merly a partnership, will act as a cor- 
poration as of November 1, 1938. Offi- 
cers of the new corporation are Henry 
N. Wade, president; C. L. Parkhill, vice 
president; H. D. Thompson, secretary- 
treasurer; Ruth Magaw, assistant secre- 
tary-treasurer. The board of directors 
includes Henry N. Wade, C. I. Parkhill 
and Roy Lacy. The change-over from 
the partnership to corporate status in- 
volves no changes in the organization, 
its personnel or policies. 

The firm of Parkhill-Wade was 
formed in 1932 and is prominently 
known throughout California as design- 
ers and erectors of natural gasoline, 
pressure maintenance, — repressuring, 
butane production, butane standby and 
gas dehydration plants. Collaborating 
with The Stearns-Roger Manufacturing 
Company of Denver, Colorado, Park- 
hill-Wade has been identified in the 
engineering, design and construction of 
many natural gasoline plants erected in 
the Mid-Continent since the firm’s in- 
ception. 


Movies at Houston Show 
Will Feature Application 


S a further means of. presenting 

engineering data to the industry 
and give the exhibitor a better oppor- 
tunity for showing field application o 
equipment, Ed Lenzner, general mana- 
ger, announced that continuous moving 
pictures of tools and machinery in 
operation will be given during the 
entire week of the Oil-World Exposi- 
tion which will be held in Houston 
from April 24 to 29, inclusive. These 
picture showings will be open to all 
visitors at the Oil Show and will be 
given in a room adjacent to the ex- 














HERE'S THE 


STORY...in catalog form 
































MULTIPORT 
PRINCIPLE 
A number of small discs 
instead of one single 
large 


INSURES CONTINUOUSLY RELIABLE OPERATION 
COCHRANE MULTIPORT REEF VALVE 


The Cochrane Multiport Valve, for the for steam condenser service where posi- 
control of atmospheric relief, back pres- _tive tightness under high vacuum is vital. 
sure, flow or check valve service, uses a They are giving protection in more than 
multiplicity of small valve discs. These fit 12,000 plants. If you want absolute in- 

















ALL- METAL 


tightly against seats, yet are releasedfreely; surance against a from —= 
no possibility of jamming or freezing—no valves that now sti or jam, sta 
tendency for chatter or seat-pounding. + Cochrane Multiport Valves. Write for GAUGE -TYPE 


These valves are especially valuable copy of 16-page Publication No. 2710. 


Cochrane Corporation, 3115 N. 17 St., Philadelphia, Pa. 


THERMOMETERS 





VALVES + TRAPS + SEPARATORS = SPECIALTIES 


Send for your free Copy! 


DIVIDE YOUR TRAP This catalog explains how, and where, you can 
MAINTENANCE BY 8! cut thermometer installation and maintenance 


costs with these new WESTON Industrial Temper- 
ature Gauges. It describes the WESTON all-metal 
principle which eliminates glass elements as well 
as gas and vapors; and protects the thermometer 
from damages usually caused by over-temper- 
atures or severe vibration. It also gives typical 
scale faces, in full size, illustrating the readability 
of this new gauge-type thermometer. List prices, 
ranges, stem lengths and other information cover- 
ing all models, also is supplied. Be sure to send 





When the STRONG trap peo- 
ple developed a new kind of 
metal for valves and seats, 
they upset all old ideas about 
trap upkeep. The new ANUM- 
METL lasts EIGHT times 
longer than even Strong’‘s for- 
mer wear-resisting metal! 

If you aren’t using STRONG 
traps, here’s your chancel Get 
one for your toughest job. Use 


for your copy today. 
it 3 months. If it doesn’t meet 
your highest expectations, re- 


WESTO N INDUSTRIAL 
1g turn it and get your money back, PLUS FREIGHT! 


ry Fair enough? Then order it now! TEMPERATURE GAUGES 


yr P. S.—STRONG traps made for any liquid—oil, 











of gpm, i iE te UE ee en 2 ea ae 
a- FREE—EASY METHOD OF SIZING STEAM TRAPS. Weston Electrical Instrument Corporation 
ng SEND FOR CATALOG 63-R-7 655 Frelinghuysen Ave., Newark, N. J. 

n 

he Send catalog describing WEsTON Industrial Temperature Gauges. 
— MNGi So 5 Ss on gn tic cdcss chen toe sage oeaaee 
st QUALITY STEAM SPECIALTIES Addreés ----------------------------------------------- 
ha The Strong, Carlisle & Hammond Co. Gi s 
a 1392 West Third St., Cleveland, Ohio PERERL PLL LILI ELE 2 NN TEE ONS 
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CKING THAT y 
oh per As Me, 
ano LONG LIFE IN SERVIc, 


A packing especially designed for 
pumps in the oil industry, handling 


BUTANE, NAPHTHAS 
and all Light Stocks 


Does not contain glycerine in its 
lubricating compound. 

Does not get hard and avoids over- 
heating and friction on the pump 
shaft. 

















NOW | KNOW WHICH 


PACKING TO UsE 









Write for 
Complete 
ABC 
Packing 
Chart 


Send for free working samples. State size. 


GREENE, TWEED & CO. 


Sole Manufacturers 


109 DUANE STREET, NEW YORK 











For 
Safety 
* Specify 


te é 
ust 

KERLOW gratings and safety steps are 
made in all riveted and rectangular types 
and cut to fit your exact requirements. 
For: Subways, boiler room floors, walk- 
ways, fire escapes, platforms, areaways, 
sidewalks, trench covers. KERLOW Bridge 
Paving (open and solid types). 


Ask about Kerlow “BOLDE]” Safety Steps. 
—The latest advancement in safety steps 








Write for Catalog 
Representatives in Principal Cities 


KERLOW STEEL FLOORING CO. 


Dept. R 
210 Culver Ave. Jersey City, N.J. 
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hibiting space su: the Coliseum. The 
reels shown will be in addition to any 
presented at the individual booth of 
the exhibitors. 

An added feature of this moving pic- 
ture presentation will be that all reels 
will be scheduled for specified hours 
during the day. This will enable any 
exhibitor having pictures to be run off 
to invite oil men to see his particular 
reels. Field and plant operations to be 
covered will include drilling, produc- 
tion, pipe line, natural gasoline manu- 
facture, refining and _ transportation. 
Manufacturing processes of an unusual 
nature will also be portrayed and 
laboratory work relative to both field 
operations and equipment development 
will be shown to give the visitor an 
idea of the type of research that is 
being done to advance field methods 
and equipment design. 

Pictures of a more general nature 
showing the use and application of 
American equipment to foreign opera- 
tions will give the visitors an idea as 
to the widespread distribution of Amer- 
ican tools and machinery throughout 
the world. These reels will be furnished 
both by exhibitors who have had their 
representatives take them while on trips 
to foreign countries and by oil compa- 
nies with holdings outside the United 
States. 


Meter Company Distributor 
For Raybould Couplings 


Announcement has been made of the 
appointment of Pittsburgh Equitable 
Meter Company, 400 North Lexington 
Avenue, Pittsburgh, as sole distributor 
for Raybould couplings and fittings, 
manufactured by Raybould Coupling 
Company of Meadville, Pennsylvania. 
Grover E. Seaberg, manager of the 
coupling and fitting division, will direct 
sales for the meter company. 

The Raybould coupling is a patented 
article, said. to furnish an extremely 
simple and leak-proof method of join- 
ing plain-end pipe. It is described as 
consisting of two resilient compression 
rings, metal bushed at either end, en- 
cased in two flanges or follower rings 
which bear against a center ring acting 
as a spacer between the flanges. The 
compression rings provide the sealing 





Bridgeport Brass Company has completed 
the new rolling mill at Bridgeport, Conn., 
shown above, for production of brass, copper 
and copper-base alloys. Built at a cost of 
more than $4,500,000, the new plant, in which 
all rolling mill operations of the company is 
located, marks completion of the first major 
step in long-range exp2nsion and moderniza- 
tion program which was inaugurated early in 
1937. The plant has a floor area of more 
than 220,000 square feet, which makes it the 
largest single unit of the 34 major buildings 
maintained by the company in Bridgeport. 
Estimated capacity of the new mill is over 
6,000,000 pounds of metal per month, 
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Raybould Coupling—Bolted Type 


medium while the flanges sustain all the 
mechanical forces applied in tightening 
up the coupling. In sizes smaller than 
3-inch the flanges consist of two com- 
pression nuts and the coupling is 
fastened by tightening these nuts on a 
threaded center ring. Larger sizes em- 
ploy long track head bolts and nuts to 
draw up the two flanges. 

Making a pipe joint with the Ray- 
bould coupling is claimed to be very 
rapid. The flanges on either end of the 
center ring are loosened but not re- 
moved and two sections of plain end 
pipe are then inserted until they en- 
counter a tapered pipe stop located 
equidistant from the ends of the cou- 
pling. The two flanges are ther. tight- 
ened and the job is done. 

In the Raybould coupling design, the 
compression rings are metal bushed at 
either end to definitely confine and re- 
tain them in their prescribed area. It is 
said that a confined compression ring 
assures a continuous, leak-proof and 
secure joint equal to the life of the 
pipe. To permit the metal bushing to 
close tightly around the outer wall of 
the pipe, a clearance slot has been pro- 
vided. This slot not only takes up the 
allowed clearance over maximum pipe 
diameter, but also compensates for 
maximum and minimum tolerances in 
all pipe diameters. 

Features claimed for the Raybould 
coupling are (1) designed for high pres- 
sures, the ability of the pipe being the 
limiting factor; (2) design provides 





Raybould Coupling—Screwed Type 


greatly increased coupling grip on the 
pipe; (3) contents of pipe cannot con- 
tact with or deteriorate compression 
ring; (4) provides sustained grip over 
an indefinite period; (5) joint is not 
affected by normal expansion, contrac- 
tion or deflection of pipe; (6) small 
diameter or out-of-round pipe does not 
affect coupling joint; (7) does not re- 
quire any sizing operations on ends of 
pipes to maintain close tolerances; (8) 
requires fewer bolts; (9) only three ma- 
jor parts to handle in field assembly 
(bolts excepted); (10) minimum milli- 
volt drop between pipe and coupling 
eliminates electrolytic action. 
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THE ABC OF 
SELLING THROUGH 
ADVERTISING IS 





The A.B.€. of Circulation: 


How much? Where? How Secured? 


O matter how much advertising 
N you do...no matter what group 
of people you want your advertising 
message to reach ... . your first ques- 
tion about any publication should be 
—‘Is it an A.B.C. member?”’ 

With the A.B.C. report only can you 
gauge a publication’s worth in rela- 
tion to your sales program. 


A.B.C. reports reveal and analyze 
NET PAID CIRCULATION— the only 


true measure of advertising value. 


A.B.C. reports tell how much circulae 
tion there is . . . where it is distributed 
. -- how it was secured. They give veri- 
fied information on the quantity, and 
an important index of the quality of 


circulation. 


Always make the A.B.C. report your 
first step in buying advertising space. 
Ask for the A.B.C. report before you 
spend a penny. It is the only way to 
make sure you are buying wisely. 


If you do not have a copy of our 
latest A.B.C. report, ask for it now. 
It gives you the facts about our cir- 
culation—facts we want you to know. 


The Refiner and Natural Gasoline Manufacturer 
HOUSTON, TEXAS 


An A. B. C. 
Publication — 





A.B.C.= Audit Bureau of Circulations= FACTS as a yardstick of advertising value 








November, 1938—A Gulf Publishing Company Publication 
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CATALOGS ... BULLETINS 
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Helpful Publications Which Manufacturers Will Be Glad to Send Free for the Asking 


Control 


Fisher Governor Company, Marshaltown, 
Iowa, has published an attractive and color- 
ful new catalog, Number 35, describing in de- 
tail pump governors, regulators, liquid-level 
controllers, valves traps and strainers manu- 
factured by the company. This catalog is di- 
vided into 12 sections, and contains 16 pages 
of Fisher capacity charts useful in sizing 
controllers properly for all fluids and all con- 
ditions. The new charts are more complete 
and easier to read than before and their use 
insures more efficient control, often making 
it possible to use smaller valves. 

The catalog describes and illustrates 183 
different automatic controls and steam spe- 
cialties. It contains more than 73 installation 
photographs and diagrams. Dimensions, work- 
ing pressures and prices are given in com- 
plete detail. Ring type binding allows the cat- 
alog to be opened flat, making it easier to use. 


Welding 


Arcos Corporation, 401 North Broad S&t., 
Philadelphia, has issued its illustrated Tech- 
nical Bulletin No. 3. The bulletin contains 
new and previously unpublished information 
on the physical and metallurgical character- 
istics of stainless special alloy welding. Bul- 
letin No. 3 also includes a complete Alloy 
Welding Manual useful to the engineer and 
to the operator. 


Universal Bevel Gear 


Condenser Service & Engineering Company, 
Hoboken, N. J., is distributing new literature 
describing its newly developed Universal 
Bevel Gear, which is so designed as to op- 
erate freely and easily through an angle of 
135 degrees, which makes it very desirable 
to be used in conjunction with valves diffi- 
cult to reach, or for any other remote con- 
trol application. It eliminates the hazards of 
climbing ladders, etc., to open and close 
valves. 


Combustion Control 


Bailey Meter Company, Cleveland, Ohio, 
has published a new 32-page bulletin ‘“‘Bailey 
Meter Control,’’ describing application of the 
Bailey steam flow-air flow automatic read- 
justment type of air-operated combustion con- 
trol. In addition to description of the various 
elements of the control system, the bulletin 
explains fundamental principles involved in 
controls, both for boilers fired with stokers 
and for boilers fired with fuels in suspension. 
Several installations are shown diagrammat- 
ically and illustrated with photographs. A 
large saving in fuel is claimed for this sys- 
tem, which automatically maintains the de- 
sired fuel-air ratio at all times without the 
necessity of periodic attention and manual re- 
adjustment by boiler operators. 


Pumps 

Worthington Pump and Machinery Corpo- 
ration, Harrison, N. J., has published Bulletin 
W-318-B15, describing an improved two-stage 


centrifugal hot-well and condensate pump. 
Featuring oversized suction openings, pick- 
up type impellers, and generous vents, the 


new line of pumps is offered for removal of 
condensate under high vacuum, with mini- 
mum available submergence. 
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Water Softeners 

Internationel Filter Company, 59 East Van 
Buren St., Chicago, has published a new bul- 
letin, ‘“‘Infilco Hot-Flow Water Softeners for 
Boiler-Feed Water Treatment.’’ These soft- 
eners are said to provide the mechanical 
means for chemically treating water heated 
to practically steam temperature. Photo- 
graphs, diagrams, and full technical infor- 
mation pertinent to the problem are present- 
ed in the bulletin. 


Turbine 

The Elliott Company, Jeannette, Pa., is dis- 
tributing Bulletin H-11 covering Elliott Type 
CY turbine for mechanical drive. These tur- 
bines extend upward the size range covered 
by Elliott type AY and BY turbines intro- 
duced some years ago. The bulletin shows 
photographs of turbine exteriors and inte- 
riors, showing inside construction, also sec- 
tions of the turbine, overspeed governor, 
strainer, governor valve, and the like. All 
pertinent engineering information is included 
in the text. 


Refrigeration 

Frick Company, Waynesboro, Pa., has pub- 
lished Bulletin 95-C, covering Frick low- 
pressure refrigerating units for industrial ap- 
plication. Full details are included with pho- 
tographs showing application of equipment. 


Gas Engine 

Ingersoll-Rand Company, 11 Broadway, 
New York, has published Bulletin 10,011 de- 
scribing Type PVG gas engine which is de- 
signed for use wherever gas is available for 
fuel. It is a 4-cycle, V-type, multi-cylinder 
engine, built for continuous full-load opera- 
tions at 400 RPM. It is available in 4, 6, and 
8 cylinders and in horsepower from 185, 275 
and 370. 


Pumps 

Ingersoll-Rand Company, 11 Broadway, New 
York, is distributing Bulletin 2432 describing 
a new series of refinery process pumps termed 
Class FH and FL. Built in capacities to 800 
GPM and heads to 400 feet these centrifugal 
pumps are designed for such refinery process- 
es as those in which hot oils, distillates, bot- 
toms, cold oils, propane, butane, solvents, 
etc., are handled. 


Process Equipment 


E. B. Badger & Sons Company, 271 Madi- 
son Ave., New York, has published a new il- 


lustrated catalog under the title ‘Badger, 
Specialists in Processing,’’ which discusses 
Badger service in engineering, design, con- 


struction of complete plants or units. The 
brochure discusses atmospheric, vacuum and 
process distillation equipment, extraction 
processes, absorption, and separation and re- 
fining of solvents, with photographs of typi- 
cal installations accompanying the text. One 
page is given to description of the company’s 
non-equalizing and other types of expansion 
joints. 


Cathodic Protection 


Westinghouse Electric & Manufacturing 
Company, East Pittsburgh, Pa., is distribut- 
ing a 4-page illustrated leaflet No. 27-450, 
describing Rectox Rectifiers designed to 


counteract galvanic action and electrolysis 
by maintaining a small direct current from 
ground to structure, a technique known as 
“cathodic protection.’’ Efficiency of these rec- 
tifiers holds up close to its maximum value 
to a wide range of loads. 


Recording Gauges 

The Foxboro Company, Foxboro, Mass., has 
published Bulletin No. 208, 7 pages, contain- 
ing information and illustrations covering re- 
cording gauges and accessories. The import- 
ance of spring construction is discussed, with 
particular reference to the all-welded steel 
helical movement, the diaphragm spring 
movement, the spiral spring movement and 
the Bourdon spring movement. A cutaway 
Photograph of a typical Foxboro recorder 
shows features of the instrument; accom- 
panying captions explain these features in 
detail. Accessories mentioned include Humi- 
tex charts for pressure recorders, recording 
gauge clocks and miscellaneous accessories 
such as over-range protectors, liquid seals 
and submersible cases. 


Refractories 

Laclede-Christy Clay Products Company, 
St. Louis, Mo., has published a highly illus- 
trated, historical type of presentation de- 
signed to emphasize the absolute dependence 
of industry upon refractories, and how they 
play a vital part in everyday life. The pre- 
sentation reviews the history of the company 
and its executive personnel, shows the various 
plants, clay deposits, and describes the va- 
rious types of refractories manufactured by 
the company. 


Solenoid Valves 

Davis Regulator Company, 2515 S. Wash- 
tenaw Avenue, Chicago, is distributing a new 
bulletin No. S-1 on solenoid valves which il- 
lustrates and describes the Davis solenoid 
valves which can be used for automatic con- 
trol service on heating systems, feedwater 
make-up lines, container filler equipment, re- 
frigeration systems, boiler-feed fuel lines, etc. 
The types listed are for general service on 
steam, air, gas and liquid. 


Control 

The Bristol Company, Waterbury, Conn., an- 
nounces Bulletin No. 515, consisting of 24 
pages covering the Metameter System of 
Telemetering. Detailed engineering informa- 
tion is given on the subject of telemetering in- 
strument readings. The various models avail- 
able for remote measurement and automatic 
control of pressure, vacuum, liquid-level, tem- 
perature, flow, voltage, current, load and 
totalized power are illustrated. Line drawings 
showing the principle of operation and method 
of installation are included, 


Fire Protection 

Walter Kidde & Company, 60 West St., 
Bloomfield, New Jersey, has published Bulletin 
DE 495, dealing with Kidde water and anti- 
freeze portable fire extinguishers. The mech- 
anism and operation of the extinguishers is 
fully described, showing how a cartridge of 
compressed carbon dioxide gas is used to expel 
the water or anti-freeze solution. The ex- 
tinguishers discharge only pure water, do no 
acid or chemical damage, and are of long life 
and require no annual recharging. The anti- 
freeze type are suitable for outdoors or in un- 
heated locations where plain water might 
freeze. The solution is made to withstand 
temperatures 72°F. below the normal freezing 
of water. Both types of extinguishers hold 
2% gallons, 


Pipe 

Republic Steel Corporation has issued a new 
10-page pamphlet, Bulletin Adv. 316, entitled 
“Facts about Republic Standard Pipe,” which 
contains bundling tables, sizes and weights, 
identification and corrosion information on the 
company’s standard pipe, copper-bearing steel 
pipe and Toncan copper molybdenum pipe. 


Surface Condensers 

Elliott Company, Jeannette, Pa., has pub- 
lished a new Bulletin No. C-8 dealing with 
Elliott Surface. Condensers. The text- deais 
with engineering information as to the appli- 
cation, use, construction and operation of sur- 
face condensers and it is fully illustrated with 
line drawings and photographs showing de- 
sign details, along with various charts and 
tables of engineering information. 
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